Vol. VII JUNE, 1932 


Hospital Library 


| THE 
AMERICAN HEART JOURNAL 


@©Am. Ht. Assn. 


ADVISORY EDITORIAL BOARD 


HENRY A. CHRISTIAN JOHN H. MUSSER 
ALFRED E. COHN JOHN ALLEN OILLE 
LeROY CRUMMER STEWART R. ROBERTS 
ELLIOTT C. CUTLER G. CANBY ROBINSON 
GEORGE DOCK LEONARD G. ROWNTREE 


JOSIAH N. HALL 
WALTER W. HAMBURGER ELSWORTH 8. SMITH 
WM. 8. THAYER 


JAMES B. HERRICK 
E. LIBMAN PAUL D. WHITE 


WM. McKIM MARRIOTT CARL J. WIGGERS 
JONATHAN MEAKINS FRANK N. WILSON 


PUBLISHED BI-MONTHLY 
UNDER THE EDITORIAL DIRECTION OF 
THE AMERICAN HEART ASSOCIATION 


LEWIS A. CONNER - - - 
Associate Editors 
HUGH McCULLOCH 
EVELYN HOLT 


PUBLISHED By THE C. V. MOSBY COMPANY, 3523-25 Pine Bivp., Sr. Louis, U. 8. A. 


Entered at the Post Office at St. Louis, Mo., as Second-Class Matter. 
Additional Entry at Fulton, Mo. 


The American Heart Journal 


CONTENTS FOR JUNE, 1932 


Original Communications 


Apical Systolic Murmurs in Children. M. H. Fineberg, M.D., and Leonard 
G. Steuer, M.D., Cleveland, Ohio 


Roentgenographic Studies of the Right Ventricle. G. Nemet, M.D., and 
J. B. Schwedel, M.D., New York, N. Y. 


Functional Longitudinal Block in the Human Heart. Wm. J. Kerr, M.D., 
and John J. Sampson, M.D., San Francisco, Calif... 


The Status Anginosus Induced by Paroxysmal Auricular Fibrillation and 
Paroxysmal Tachycardia. Paul D. White, M.D., and Paul D. Camp, 
M.D., Boston, Mass. 


Treatment of Spasmodic Vascular Disease of the Extremities of the 
Raynaud Type. Alice R. Bernheim, M.D., and Isabel M. London, 
M.D., New York, N. Y........ 


Ventricular Bigeminy (Parasystole or Reciprocal Rhythm) in Atrioven- 
tricular Rhythm. Drew Luten, M.D., and Julius Jensen, M.D., 
St. Louis, 


A Study of Gallop Rhythm by a Combination of Phonocardiographic and 
Electrocardiographic Methods. Pierre Duchosal, M.D., Geneva, 
Switzerland 


Localization of Experimental Ventricular Myocardial Lesions by the 
Electrocardiogram. J. Hamilton Crawford, M.D., George H. Roberts, 
M.D., David I. Abramson, M.D., and Jehn C. Cardwell, M.D., 
Brooklyn, N. 


Coarctation of the Aorta (Adult Type). A Report of Three Cases. 
Henry L. Ulrich, M.D., Minneapolis, Minn. 


The Action of Adrenalin on Patients With Complete Heart-Block and 
Stokes-Adams Seizures. Sidney FP. Schwartz, M.D., and Abraham 
Jezer, M.D., New York, N. Y. 


Auriculoventricular Nodal Paroxysmal Tachycardia and Auricular Flut- 
ter. Case Report. F. B. Carr, M.D., Worcester, Mass. 


Department of Clinical Reports 


Acute Pulmonary Edema. Hugo A. Freund, M.D., and Warren B. Cook- 
sey, M.D., Detroit, Mich. ‘ 


Bundle-Branch Block With Periods of Normal Intraventricular Conduc- 
tion: Report of an Unusual Case. Albert H. Elliot, M.D., and 
Franklin R. Nuzum, M.D., Santa Barbara, Calif. 


Department of Reviews and Abstracts 


Selected Abstracts 


Book Reviews 


4 


3 


] 
| 
| 
| 
| 
| 
| 


| 
: = 
= 
‘ > ae 


The American Heart Journal 


JUNE, 1932 


Original Communications 


APICAL SYSTOLIC MURMURS IN CHILDREN 
FoLLow-Up OBSERVATIONS IN 100 CaseEs* 


M. H. Finesere, M.D., AND LEONARD G. StEevER, M.D. 
CLEVELAND, OHIO 


HE question of the importance of apical systolic murmurs is one of 

the difficult problems confronting the physician. Such murmurs are 
discovered in most cases first by the school physician who sends the child 
home with a statement that heart disease is present. The parents, greatly 
perturbed, consult the pediatrician or the family physician. He ex- 
amines the child, finds the systolic murmur at the apex with little or 
no evidence of other cardiac changes, tells the parents the child will out- 
grow the murmur and thus allays their fears to some extent. If a cardi- 
ologist is consulted he has little more to offer, although in his own mind 
he may be somewhat uncertain of the final outcome. Such uncertainty 
arises because there has been no accurate study made of the progress 
of such murmurs over a period of years. 

There are certain orthodox rules to which the cardiologist may adhere 
when determining whether the apical systolic murmurs are of organic 
nature. If the murmur is well transmitted and associated with hyper- 
trophy and fluoroscopic evidence of mitral disease, it is usually 
considered organic. Or he may follow the criteria of Mackenzie’ who 
states that if we find a systolic murmur in a good functioning heart of 
normal size and rhythm with the absence of anything that would indi- 
cate that the murmur is definitely organic in nature, then we may con- 
clude that the heart is perfectly normal. Granted that we could decide 
absolutely which murmurs are organic and which are not, we should still 
be unable to give any definite prognosis because it is known that organic 
mitral insufficiency per se rarely if ever causes cardiac embarrassment. 
The patient and the doctor are most interested in knowing what the fu- 
ture will bring; will the murmur disappear; will there be complications 
in the form of mitral stenosis; how long will the patient be able to con- 
tinue with activity unrestricted ? 


*From the Cardiac Clinic of Mt. Sinai Hospital, Cleveland. 
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A search of the literature reveals innumerable opinions as to the sub- 
sequent course of apical systolic murmurs, but these opinions have not 
been based on followed cases. Most men are in accord with the state- 
ment that systolic murmurs at the apex are not reliable evidence of 
heart disease. Cabot,? in fact, does not believe that pure mitral insuf- 
ficiency can be recognized during life as a clinical entity. Reid® finds 
systolie murmurs in 20 per cent of the university students classified as 
normal. Fahr* finds that 40 to 70 per cent of all children between the 
ages of six and fourteen years and 35 per cent of otherwise normal in- 
dividuals in the second decade have systolic murmurs. He states fur- 
ther that if no diastolic murmur appears during one or two years fol- 
lowing the last attack of rheumatic fever, and if the size and shape of 
the heart have not changed significantly, the murmur is probably of no 
significance. Many of these murmurs are admittedly of no significance, 
but a certain number do progress to advanced eardiae conditions. In 
an effort to solve the problem as to how many will ultimately become sig- 
nificant, and if possible to establish criteria whereby we may be able 
to judge which murmurs will be of significance, we have undertaken this 
study of 100 cases followed over a period of years. 

For the purposes of this survey the patients studied were limited to 
young persons with uncomplicated systolic murmurs at the apex, either 
accompanying the first sound or replacing it. Patients showing any other 
pathological processes, such as acute febrile diseases, nephritis or con- 
genital heart disease, were excluded. 

Examinations of the patients reported were made in the ecardiae clinic 
of Mt. Sinai Hospital by the same group of men. Most frequently the 
patients studied were sent to the Cardiae Clinie by the pediatric depart- 
ment because of the discovery of a systolic murmur. 

In this series a complete history of the preceding infections was ob- 
tained in all cases studied. After a complete physical examination in 
which the condition of the cardiovascular system was stressed, an ortho- 
diagram and an electrocardiogram were made. These were repeated at 
the time of the last examination wherever possible. There were 49 fe- 
males and 51 males in the survey. The youngest was 2 years of age and 
the oldest 21 years of age. Seven of the patients were 5 years of age or 
under, 85 were between 6 and 15 years of age, and 8 were between 16 
and 21 years of age. The average age was 10.15 vears. The average 
number of years the patients were followed was 6, while the ereat- 


est number of years followed was 15. The cases chosen for the study 


all had fairly loud apical systolic murmurs, without other complicating 


murmurs. 
There were 2 deaths (2 per cent) during the observation period, one 


occurring after 8 years of observation, and another after 7 years. The 


first of these died of subacute bacterial endocarditis, and the seeond of 
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pneumococcus meningitis. Neither of these showed signs of cardiac 
failure. 

Seventeen (17 per cent) of the patients developed distinet clinical 
evidence of mitral stenosis. The earliest case of mitral stenosis was 
discovered one year after the finding of the systolic murmur. The aver- 
age development of mitral stenosis occurred 4.7 years after the dis- 
covery of the systolic murmur. The criterion for the diagnosis of mitral 
stenosis in all instances was a distinet presystolie or diastolic murmur 
at the apex with or without other accompaniments of the condition. In 
other words, the diagnosis of mitral stenosis was not made unless we were 
certain of its presence. 

Nine patients (9 per cent) developed aortic insufficiency during the 
follow-up period. The earliest of these occurred two months after the 
apical systolic murmur was noted. The average development of aortic 
insufficiency occurred 3 years after discovery of the systolie murmur at 
the apex. The diagnosis of aortic insufficiency was made on the finding 
of a distinet diastolic murmur audible at the aortic area or along the 
left sternal margin. 

Four patients (4 per cent) developed combined lesions of mitral 
stenosis and aortie insufficiency. The earliest of these appeared 3 years 
after the systolic murmur was discovered while the average appeared 5.2 
years after the systolic murmur was noticed. 

In all, 30 patients (30 per cent) developed serious valvular complica- 
tions in the form of mitral stenosis, aortic insufficieney or both. Of the 
remainder, 60 patients (60 per cent) showed uncomplicated apical sys- 
tolic murmurs, and 8 patients (8 per cent) showed complete disappear- 
ance of all murmurs at the time of the last examination. The small num- 
ber of patients (8) showing disappearance of the murmur is contrary to 
the popular conception that the majority of apical systolic murmurs 
seen in ambulatory children disappear as they grow older. This may 
be due in part to the care taken in looking for these murmurs. (This 
information is summarized in Table I.) 


TABLE I 
FoLLow-Up FINDINGS IN 100 CASES or APICAL SySTOLIC MURMURS 


No murmurs 


8 per cent 


Uncomplicated systolic murmur 60 

Advanced cardiae disease 30 
Mitral stenosis 17 per cent 
Aortie insufficiency 9 
Combined 4 


Deaths 2 


The relationship of the history of rheumatic fever, chorea and ton- 

sillitis to the progress of the cases was studied. Twenty-six patients 
e 

(26 per cent) gave a history of rheumatic fever. Of these, 5 developed 

mitral stenosis, 6 aortic insufficiency, 2 combined aortic insufficiency and 
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mitral stenosis, 10 continued with the apical systolic murmur, and 3 were 
found to be normal. 

Of the 12 patients who gave a history of chorea, 6 developed mitral 
stenosis; one was found normal, and the remaining 5 continued with the 
systolic murmur. 

In totaling the patients with a history of rheumatic fever or chorea 
we have 38 patients, 19 of whom developed serious cardiac complica- 
tions. Therefore, given a history of chorea or rheumatism plus a sys- 
tolic murmur at the apex we may anticipate a 50 per cent chance of seri- 
ous cardiae disease. 

Of the 17 patients giving a history of serious attacks of tonsillitis, 
without other rheumatic manifestations, 2 developed mitral stenosis, 2 
developed aortic insufficiency, 12 remained with systolic murmurs, and 
one was entirely normal. Thus of 17 patients giving a history of serious 
attacks of tonsillitis, four (or 23.5 per cent) developed serious cardiae 
complications. 

Of the remaining 45 patients (that is, those without history of rheu- 
matie fever, chorea or definite attacks of tonsillitis) 4 developed mitral 
stenosis, one developed aortic insufficiency, one developed both mitral 
stenosis and insufficiency, 35 continued with systolic murmurs, and 4 
became normal. Thus we have six patients (13.3 per cent) without any 
history of rheumatic fever, chorea, or tonsillitis who developed serious 
cardiae complications. (See Table IT.) 

TABLE II 
RELATIONSHIP OF HISTORY TO DEVELOPMENT OF SERIOUS CARDIAC 


PERCENTAGE DEVELOPING 
SERIOUS CARDIAC 
COMPLICATIONS 


History of rheumatic fever 50 
History of chorea 50 
History of tonsillitis 23 

13 


No history of infection 

These conclusions are in accordance with the findings of Morse® who 
states that in the cases in which rheumatism seemed to be the cause of 
the cardiac involvement the results were not so good as in the cases in 
which there was not a definite rheumatic history. 

We have also attempted to ascertain whether the presence of fever 
during the course of observation could be used as a prognostic guide. 
Seventy patients were found to have had some elevation of temperature 
(usually between 99° and 100° F.) on at least 2 successive visits. Of 
these, twenty-five (36 per cent) developed mitral stenosis or aortie in- 
sufficiency or both, forty (57 per cent) remained with apical systolic 
murmurs (one of these, however, died of subacute bacterial endoear- 


COMPLICATIONS 


FINEBERG AND STEUER: APICAL SYSTOLIC MURMURS IN CHILDREN 557 


ditis), and five (7 per cent) showed complete disappearance of the mur- 
mur. Of the 30 patients who did not show any elevation of temperature, 
6 patients (20 per cent) developed cardiae complication, 21 patients 
(70 per cent) remained with apical systolic murmurs, and 3 patients 
(10 per cent) showed complete disappearance of the murmur. We thus 
have not found the presence of slight elevation of temperature to be of 
much assistance to us in determining which of the cases would progress 
to serious cardiae complications. 

Of interest is the fact that of the 7 patients 5 years of age or under 
only 1 developed mitral stenosis or aortic insufficiency, and this was a 
cir! first seen by us at the age of 3 with an apical systolic murmur. This 
patient’s course was uneventful until she had her first attack of chorea 
5 years later at the age of eight, and then about 18 months after this 
she began to show signs of mitral stenosis. Also, 3 of these patients 
(45 per cent) showed complete disappearance of the murmurs later on. 
These findings tend to confirm the experience of many observers that 
systolic apical murmurs in very young children are of no serious sig- 
nificance. 

We have also classified the patients according to whether their con- 
dition at the last examination was improved, unchanged, or worse, as 
compared with the first examination. This classification showed that 
16 patients (16 per cent) were improved, 44 patients (44 per cent) were 
unchanged and 40 patients (40 per cent) were worse as far as their 
cardiac condition was concerned. 

Of the 49 females, four have married and have had from one to four 
children each. One of these patients showed mitral stenosis at the last 
examination, two showed only a systolic apical murmur, while the third 
has no murmurs whatsoever. 

Forty-three of the patients showed clinical enlargement of the heart 
at the time of their first visit. Of these, one died and 15 developed mitral 
stenosis or aortic insufficiency, while 2 patients showed no murmurs at 
all at the last examination. In other words 37 per cent of those pa- 
tients showing clinical evidence of cardiae enlargement developed seri- 
ous cardiac complications. 

We next considered the value of the x-ray picture in the prognosis. In 
thirty patients the orthodiagram at the first examination showed the 
transverse diameter of the heart to be greater than half the diameter of 
the chest, that is, showed definite cardiae enlargement. Of these thirty 
cases, twelve (40 per cent) developed mitral stenosis or aortic insuf- 
ficiency, two (6.7 per cent) died, while one (3.3 per cent) showed no 
murmur at the last examination. This checks closely with the clinical 
finding of enlargement, 37 per cent of those showing clinical enlarge- 
ment and 40 per cent of those showing orthodiagraphie enlargement de- 
veloping further cardiae complications. 
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At the first examination twenty-three of the patients were reported 
as having negative orthodiagrams, that is, no enlargement and no change 
in contour. Of these, only two (9 per cent) developed mitral stenosis. 
Of the remainder, four (18 per cent) showed no murmurs whatsoever, 
at the last examination, and three (13 per cent) were classified as un- 
changed at the final examination. From this we may conclude that a 
systolic murmur in the presence of a normal fluoroscopic examination 
has small chance (9 per cent in our series) of developing into a serious 
cardiae complication. This is in line with Berger’s® findings of the im- 
portance of the orthodiagram in distinguishing functional from non- 
functional murmurs. 

Electrocardiograms were taken in 76 patients (76 per cent). The 
P-R interval was found to be prolonged in only one case. There were 
eighteen instances of right axis deviation and four instances of left 
axis deviation, while the remainder of the records were essentially nega- 
tive. The electrocardiogram was found to be of no value in estimating 
the prognosis. 

By way of illustration we shall briefly outline a few of our eases. 


CasE 1.—S. P., female, first seen May 20, 1924, at the age of eighteen years. No 
history of rheumatic fever, chorea, or tonsillitis. At this time the heart showed 
moderate enlargement to the left. There was an accentuated first sound at the 
apex, followed by a blowing, musical murmur. The orthodiagram at this time showed 
mitral configuration with slight enlargement of the left ventricle. The electrocardio- 
gram showed right axis deviation. In October, 1929, a faint presystolie murmur was 
first heard, and in January, 1930, a faint diastolic murmur was also audible in the 
third interspace just to the left of the sternum. At the last examination, September 
24, 1931, there were moderate cardiac enlargement to the left, a presystolic rumble 
at the apex, a tympanitic first sound, and a systolic murmur, also a to-and-fro mur- 
mur at the aortic area. The blood pressure was 136/60 mm. The patient was work- 
ing full time as a teacher. During the entire period there were no rheumatic episodes. 

CASE 2.—A. S., female, aged nineteen years, admitted October 7, 1922. She had 
had chorea four years previously. At the first examination there was a_ systolic 
murmur at the apex but no enlargement. There was no x-ray picture taken at this 
time, but in 1926 the x-ray examination showed mitral configuration with additional 
slight enlargement to left and right (diameter of chest 24 em., transverse diameter 
of heart 13.5 em.). The electrocardiogram was negative. In 1928 a diastolic rumble 
first appeared at the apex. The last examination, October 6, 1931, showed typical 
systolic and presystolic murmurs at the apex. She has had four pregnancies during 
this period. 

CasE 3.—S. B., male, aged nine years, admitted April 13, 1926. At this time 
he was having choreic manifestations. At the first examination there was a systolic 


murmur at the apex, but no cardiac enlargement. The orthodiagram showed straight- 
ening of the middle left cardiac margin but no bulging of the left auricle in the 
retrocardiae space. (Diameter of chest 19 em., transverse diameter of heart 9.5 em.) 
The electrocardiogram was normal, except for an inverted P-wave in the third lead. 
In March, 1930, a presystolic murmur appeared at the apex. At the last examina- 
tion, October 24, 1931, there were a presystolic thrill at the apex, presystolic and sys- 
tolie murmurs at the apex, and moderate cardiac enlargement to the left. The ortho- 
diagram at this time showed mitral configuration, with slight encroachment of the 


| 
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left auricle on the retrocardiae space. Incidentally, this boy feels well and engages 
in school athletics. 

Case 4.—R. G., female, aged three and one-half years, admitted July 3, 1923. 
There was no history of rheumatic fever, chorea, or tonsillitis. Examination showed 
a blowing systolic murmur at the apex, transmitted out to the left axilla, but no 
cardiac enlargement. The orthodiagram at this time showed a transverse heart with 
no enlargement. (Diameter of chest 14 em., and transverse diameter of heart 7 em.) 
The course was uneventful and the last examination, November 14, 1931, showed no 
murmurs and very slight enlargement of the heart to the left. The orthodiagram 
at this time was essentially normal. (Diameter of chest 19 em., and transverse 
diameter of heart 8.5 em.) 


SUMMARY 


A follow-up study, covering an average period of six years, was made 
of 100 children with uncomplicated apical systolic murmurs, with the 
following results: 

1. Of all the patients 30 per cent developed serious complications 
(mitral stenosis, aortic insufficiency or both). 

2. Of those giving a history of rheumatic fever or chorea 50 per cent 
developed serious cardiac complications. 

3. Among those showing clinical enlargement at the first examination 
37 per cent developed serious cardiac manifestations. 

4. Of those showing enlargement by orthodiagram 40 per cent de- 
veloped serious cardiae manifestations. 

5. Only 9 per cent of those with entirely normal fluoroscopic findings 
developed further evidences of cardiae disease. 

6. Only 8 per cent of the patients showed complete disappearance of 
the murmur. 

7. Only one of the seven patients 5 years of age or under developed 
serious cardiac complications and this patient had an attack of chorea 
at 8 years of age, following which she developed mitral stenosis. 

8. The electrocardiogram seemed to be of no value in estimating the 
prognosis. 

We wish to thank Drs. H. 8. Feil and M. L. Siegel for their assistance in the ex- 
amination of the patients and preparation of the paper. 
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ROENTGENOGRAPHIC STUDIES OF THE RIGHT VENTRICLE* 


G. NemMet, M.D., ano J. B. SCHWEDEL, M.D. 
New York, N. Y. 


Einar right ventricle is a chamber which is particularly difficult to ex- 
amine by the usual clinical methods. There are many instances 
where definite information as to enlargement of this chamber is valuable, 
if not indispensable. Roentgenography of the right ventricle offers 
methods of study by which this information can be obtained in a suffi- 
ciently large proportion of cases to warrant its use as a routine clinical 
procedure. 

‘Kireh,! in recent anatomical and physiological studies, has shown that 
each ventricle, the right as well as the left, consists of two physiological 
units, designated as inflow and outflow portions or tracts. That part of 
cach chamber receiving blood from the auricles, formed by the area be- 
tween the atrioventricular ostium and the apex, is called its inflow tract. 
The part of the ventricle concerned in expulsion of blood, lying between 
the apex and the arterial ostium, is called its outflow tract. Below, we 
shall attempt to show that parts of the inflow and outflow tracts of the 
right ventricle can be demonstrated radiographically. 

It is to be understood that radiography of these tracts must be limited 
to those portions of the right ventricle which by proper rotation of the 
patient can be brought into position, so as to outline the contours of this 
chamber. 

In a normal heart, in the usual postero-anterior position, the only part 
of the right ventricle visible in the cardiac contour is the pulmonie artery 
and a small part of the pulmonie conus. These are represented by the so- 
called second curve in the upper part of the left border. Below lies the 
curve of the left ventricle, and the junction is especially clear in fluor- 
oscopy, Where the outward thrust of the conus in systole is in contrast to 
the inward contraction of the left ventricle. This second curve, then, 
represents one part of the outflow tract of the right ventricle. It can be 
further emphasized by rotating the patient into the right anterior oblique 
position. This rotation brings out the conus and ventral portions of the 
right ventricle., 

The inflow tract, that portion of the right ventricle lying between the 
atrioventricular ostium and the apex, is best seen in the left anterior 
oblique position. In this view the subject should be rotated sufficiently 
(at least 50°) so that the heart is clear of the spine. The lower part of 
the right cardiae silhouette and the major portion of the diaphragmatic 
outline will make up the inflow tract of the right ventricle (Fig. 1) 


*From the Medical Division and the Department of Radiography, Montefiore Hos- 
pital, New York. 
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In this position the body of the right auricle is rotated posteriorly, 
and the upper part of the right cardiac silhouette is formed by the right 
auricular appendix (Koch and Wieck’) (Fig. 2). 


Fig. 1.—Normal heart in left anterior oblique position. In this position a far 
greater part of the right ventricle can be visualized than in the routine posteroanterior 
position. 

Note the incisura (at arrow) indicating the interventricular groove, forming one 
terminus of the right ventricle, the other terminus being formed by the lower part of 
the ventral (outer) border. This part of the right ventricle corresponds approximately 
to the “inflow tract.” 


Fig. 2.—Copy of radiograph in left anterior oblique position. The heavy black 
lines represent metal strips placed around the right ventricle of a cadaver heart in 
situ. Case of mitral stenosis. Note the extent to which the right ventricle forms the 
lower and ventral (anterior) borders. The right auricle has been rotated posteriorly 
and the right auricular appendix forms the upper part of the ventral border. (W. 
Koch and W. Wieck, Anatomische Analyse des Roeitgenbildschattens des Herzens.) 


On the diaphragmatic surface the differentiation of the parts of the 
border formed by right and left ventricles can be made only by finding 
an anatomical landmark which corresponds to the marginal part of the 
interventricular suleus. 

There have been several attempts to divide the ventricular outline in- 
to its right and left components. Bordet’s* method establishes an apex, 
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which does not, according to the author’s own description, correspond 
to the terminal portion of the interventricular groove as studied in post- 
mortem specimens. His established apex is the point lowest and furthest 
out on the left lower cardiae contour and is found several centimeters 
from the terminus of the interventricular groove. Only in longitudinal 
hearts do the two points correspond. In left ventricular enlargement. 
the points do not coincide, and this apical point is 2 to 3 em. above and 
lateral to the interventricular groove. 

O’Kane, Andrew and Warren‘ have attempted to reconstruct. the 
course of the interventricular septum in left anterior oblique position, 
and its termination on the diaphragmatic contour by drawing a perpen- 
dicular from a line connecting the upper parts of the two ventricles (the 
junction of the right ventricle and aorta to the junetion of the curves 


Fig. 3.—Fluoroscopic tracing of a normal heart in left anterior oblique position. 
Compare with Fig. 2. P indicates one of the points occurring on the diaphragmatic 
contour which must be differentiated from the groove. 


of the left ventricle and left auricle). The point at which this perpen- 
dicular transects the diaphragmatic border was considered to be the 
terminus of the septum. 

We have been impressed during routine fluoroscopy in the last three 
years by the frequeney with which an indentation in the left lower con- 
tour in the left anterior oblique position has been encountered. This 
indentation has the appearance of a groove or lip formation and is best 
seen in deep inspiration and in systole, when this part of the heart is 
‘aised from the diaphragm. It was felt that this indentation might 
mark the interventricular groove at its terminal point.) If this conten- 
tion could be verified, an important landmark would be established, the 
use of which would reveal the exact participation of the right and left 
ventricles in forming the diaphragmatie contour. Enlargement of the 
right ventricle on its lower surface could thus be recognized and the 


extent of inflow tract involvement could be appreciated (Fig. 3). 


A 
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METHOD 
In order to establish identity of the interventricular groove with the 
indentation as seen in fluoroscopy, the following steps were taken: 
Isolated and unopened human hearts were covered with barium over 
the lower portions of the interventricular suleus. The suleus can be 


Fig. 4.—Heart-lung-liver dissection in posterior anterior position. 3arium mixture 
in interventricular groove. Note that in this position the direction of the interven- 
tricular groove is vertical. 


5.—Heart-lung-liver preparation in posterior anterior position. 


Fig. 


\ 
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easily identified by the course of the coronary vessels. The specimen was 
then radiographed in postero-anterior and left anterior oblique positions, 
In these positions, the terminus of the interventricular groove appeared 
in the left lower border of the heart. In left anterior oblique, the 
groove as represented by the barium line corresponded to that seen in 
fluoroscopy. 


Fig. 6.—Same heart-lung-liver preparation in left antericr oblique position. (Com- 
pare with Fig. 5.) The direction of the interventricular sulcus now assumes an oblique 
course and the base is wide. 


Fig. 7.—Heart-lung-liver preparation. Case of right ventricular enlargement, fol- 
lowing chronic pulmonary fibrosis. Radiographed in left anterior oblique position with 
barium mixture in the interventricular groove. Note marked lower width of heart and 
position of interventricular groove. 
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To obtain more accurate data comparable to the positions of the organs 
in life, dissections of the heart-lung-liver-spleen-stomach were removed 
in toto without disturbing the original relationships, and radiographed 
in postero-anterior and left anterior oblique positions. The barium line, 
indicative of the interventricular suleus, could be clearly recognized. 
In the postero-anterior position its direction was more or less vertical, in 
left anterior oblique the direction was oblique with shifting of the lower 
portions to the left. The position of the groove in left anterior oblique 
corresponds to the position of the incisura as seen in fluoroscopy (Figs. 
4,5, 6). 

In cases of right ventricular enlargement the barium line representing 
the interventricular suleus had a lateral oblique course (left anterior 


Fig. 8.—Photograph of Situs Thoracis. Case of rheumatic valvular disease, mitral 
stenosis predominating. Illustrates: (a) Marked enlargement of the outflow tract 
indicated by the prominence of the pulmonic conus. (b) Marked enlargement of the 
inflow tract indicated by arrows. Note the increased width of the lower border of the 
heart and the displacement of the interventricular groove. 


Gblique position) with its terminus on the diaphragm definitely displaced 
to the left and upward (Fig. 7). 

These observations indicate that the incisura as seen in fluoroscopy 
can be definitely interpreted as being caused by the terminal portion of 
the interventricular groove. The active systolic elevation of the groove 
accounts for the difference in appearance of the groove in fluoroscopy 
irom that in postmortem specimens. 

It is difficult to demonstrate the incisura in films in the left anterior 
oblique position. This is due to the fact that the incisura is seen in 
systole while the radiographic exposure time includes portions of both 
systolic and diastolic phases. It is likely that with synchronization of 
exposure with ventricular systole the incisura may be demonstrated in 
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films in a much greater proportion of eases. Fluoroscopie examination 
is indispensable and in addition is sufficiently accurate to make such 
complicated procedures unnecessary. 

The incisura caused by the terminus of the interventricular groove as 
seen in systole must be differentiated from other indentations in this part 
of the ecardiae contour. Such breaks in contour presenting a somewhat 
angular appearance may be caused by : 

(1) The junction of the inferior vena cava with that of the lower out- 
line of the heart. This shadow is usually located to the right in a central 
position (see Fig. 3). 

(2) In a few instances, a shadow similar to the one caused by the in- 
ferior vena cava, but further to the left, may be observed. This is situ- 
ated below the definitely visualized incisura and may be due to the peri- 
apical portion of the pericardium. 

(3) Another indentation lies between the left ventricle and the left 
auricle above. This is considerably higher than the incisura, and should 
eause little difficulty (see Fig. 10). 

In general, it may be said that the groove is best visualized in vertical 
hearts. It is also seen, however, in globular and horizontal hearts in a 
sufficiently large proportion of cases to make it distinetly worth while to 
look for it. 

In reviewing the literature we found that Pezzi,°* observed this in- 
dentation, recorded it orthodiagraphically, attributed it to the inter- 
ventricular groove and attempted to transfer this point to he orthodi- 
agram in the postero-anterior position. No attempts were made by 
him to observe or utilize this point in reference to right ventricular 
enlargement. 

Koch and Wieck? placed metal strips about the individual chambers of 
the heart in hardened cadavers and then radiographed the thorax in 
various positions. The interventricular groove was one of these land- 
marks made visible. This groove corresponds in location and course to 
that seen in our specimens (see Fig. 2). The groove in neither instance 
would correspond to the point obtained in the construction of O’Kane, 
Andrew and Warren.* The advantage of our procedure in localizing 
the interventricular groove is that this is a direct visualization and 
renders arbitrary constructions unnecessary. 


ENLARGEMENT OF THE RIGHT VENTRICLE 


Outflow Tract Enlargement.—The first demonstrable enlargement of 
the right ventricle occurs in the outflow tract in a direction upward and 
to the left. During the next phase there is increase in mass ventrally 


and further upward. The right ventricle encroaches on the left ventricle 
below as well as above. With further encroachment of the right ventricle 
upon the left, rotation of the heart and aorta takes place. The lateral 


*For this reference we are indebted to Dr. H. R. Miller. 


7 


NEMET-SCHWEDEL: ROENTGENOGRAPHIC STUDIES OF RIGHT VENTRICLE 567 


parts of the left ventricle are displaced posteriorly bringing the right 
ventricle forward, upward and to the left (Fig. 9). 

The radiographic manifestations of these changes consist essentially 
of an alteration of the upper and middle parts of the left cardiae border 
without necessarily any change in the outline of the right cardiae border. 


Fig. 9.—Enlargement of the outflow tract. The pulmonic conus is prominent. 
Note the drop in convexity of the left lower border indicating that the left ventricle is 
not enlarged in this case. Note also that the heart is not enlarged to the right. Case 
of mitral stenosis. 


Fig. 10.—Fluoroscopie tracing in left anterior oblique position. Case of mitral 
stenosis, same as Fig. 9. The interventricular groove is not displaced. The diaphrag- 
matic border is not broadened. Note the indentation between the left auricle and left 
ventricle. 

This absence of enlargement to the right cannot be emphasized too 
strongly. The varying degrees of this outflow tract enlargement are 
seen as: 

(1) Slight enlargement: increased prominence of the pulmonic artery 
and conus. 
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(2) Moderate enlargement: the conus enlargement causes straighten- 
ing of the normal coneavity in the upper part of the left cardiac border 
(postero-anterior position), prominence of the conus, then actual bule- 
ing in this region. 

(3) Marked enlargement: still greater enlargement of the outflow 
tract results in downward prolongation of this bulge or prominence, espe- 
cially well seen when there is no marked enlargement of the left ventricle 
(Figs. 9 and 10). (In cases of marked conus enlargement interpreta- 
tion of the second curve to the left as being due to left auricle has no 
basis anatomically, except in a few instances when an overlapping of the 
auricular appendix and the conus may occur.) Enlargement of the 


Fig. 11.—Definite enlargement of the outflow tract. The pulmonic conus and pul- 
monic artery are prominent. There is also some left ventricular enlargement. Heart 
is not enlarged to the right. The left auricle was not enlarged (autopsy). 


outflow tract of the right ventricle, without enlargement of the left 
auricle or appendix, is sufficient cause to account for all the radiologic 
changes described above (Fig. 11). 

While several of these changes were described in the older radiographic 
literature, the correlation and interpretation of the above mentioned 
facts have been definitely established by Assmann® and his associates, 
in whose excellent papers the characteristic radiography and _ their 
anatomical bases have been amply correlated. In the American litera- 
ture, these aspects were recently amplified by Steel.’ 

Inflow Tract Enlargement.—Enlargement of the outflow tract is seen 
chiefly in the left cardiac border; study of that of the inflow tract re- 
quires another method of approach. According to Kirch' enlargement 
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of the inflow tract is first manifested by downward elongation of the 
chamber from the tricuspid ostium to the apex.* Further enlargement 
causes additional downward elongation, and broadening of the diaphrag- 
matie surface (Fig. 8). Excessive enlargement of this part of the heart 
may even displace the right auricle upward and posteriorly to the extent 
that the right ventricle may actually form a large part of the right lateral 
border (see Fig. 8), unless there is concomitant excessive enlargement of 
the right auricle. 

To study inflow tract enlargement, we utilize information obtained in 
the left anterior oblique position. Generally, enlargement of either 
ventricle will cause an increase in the transverse diameter in this posi- 


Fig. 12.—Same case as in Fig. 11. tadiographed in left anterior oblique position. 
Enlargement of the inflow tract indicated by the prominence of the ventral border of 
the heart below the angulation. The width of the lower border is increased 


tion. When enlargement of the right ventricle predominates, the in- 
crease occurs in the ventral (right) portion (Assmann*). The part of 
the right ventricle responsible for this increase is chiefly the inflow tract 
(Koeh and Wieck?). 

The right anterior border in left anterior oblique position consists of 
the curves of the right ventricle, right auricle and aorta. The enlarged 
lower and right lateral parts of the right ventricle (inflow tract) will be 
projected outward causing prominence in the right lower contour. En- 
largement of the right auricle influences the upper part of the right 
border (Vaquez*) (see Fig. 2). 

The lower curve of the anterior border representing the right ventricle 
may be rounded or angular. The angulation, when present, corresponds 
to the greatest amount of bulging of the right ventricle. It is an im- 
portant landmark and is definite evidence of inflow tract enlargement 
‘Fig. 12). This angulation may, however, disappear when the enlarge- 


*Confirmed by as yet unpublished work of H. Mond, L. Gross and M. A. Kugel 
(personal communication). 
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ment of the inflow tract is very marked. It will also disappear when 
there is enlargement of the right auricle, and the same round contour 
may result. Certainly it may be said that the portion of the outline be- 
low the angulation is right ventricle. Above, it may be either auricle, 


Fig. 13.—Advanced enlargement of the outflow tract. Straightening out and 
prominence of the left upper cardiac border. No enlargement of the heart to the 
right. 


Fig. 14.—Fluoroscopic tracing in left anterior oblique position. Same case as in 
Fig. 13, marked enlargement of the inflow tract with prominent ventral border, broad 
lower contour, and displacement of the interventricular groove. 


or ventricle and auricle together. It is only in this position (1. ant. 

cblique) that the right ventricle and right auricle can be differentiated. 
The diaphragmatic contour has received little attention, even in the 

recent literature, chiefly because the differentiation of this outline into 
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its components is difficult (Assmann*). The importance of this much 
neglected contour has been only recently discussed by Arkussi,’ who 
emphasized the significance of right and left ventricular enlargement 
on the broadening of the base. The localization of the interventricular 
eroove affords differentiation of the diaphragmatic contour into right 
and left ventricular portions. Enlargement of the diaphragmatie por- 
tion of the right ventricle manifests itself (1) in broadening of the base, 
(2) prominence of the right lower border, (3) and finally, in actual dis- 
placement of the groove to the left (Figs. 13 and 14). 

There is anatomical evidence of displacement of the septum to the left 
in right ventricular enlargement (Koch and Wieck*?). In right ven- 
tricular enlargement the septum describes a curve with its convexity to 
the left. The degree of curvature of the septum in its upper portions 
does not necessarily correspond to the degree of radiographic displace- 
ment of the groove to the left. Inflow tract enlargement may, however, 
be present without displacement of the marginal portion of the inter- 
ventricular groove. These observations have been confirmed at post- 
mortem examinations. It follows, therefore, that the displacement of 
the groove indicates markedly advanced enlargement of the inflow tract 
of the right ventricle. With the incisuria as a landmark, it was seen 
that the ratios of portions of the diaphragmatic outline oceupied by 
right ventricle to left ventricle vary from 4 to 1, 5 to 1, or even more, 
denoting various degrees of right ventricular enlargement. This is 
contrasted to the 3 to 1 or 2 to 1 ratios observed in the normal left ante- 
rior oblique. In right ventricular enlargement the greatest part of the 
diaphragmatic border as seen in left anterior oblique therefore is con- 
tributed by the right ventricle (see Fig. 7). 

Enlargement of the left ventricle will tend to displace the septum so 
that its convexity is to the right. Since the maximal displacement takes 
place in the upper and not the marginal portions of the septum, it fol- 
lows that only very marked enlargement of the left ventricle will cause 
an appreciable displacement of the groove to the right. It seems that en- 
largement of the inflow tract of the right ventricle displaces the groove 
more frequently than does enlargement of the left ventricle. This is 
probably because enlargement of the right ventricle results in rotation 
of the heart to the left. 

In left anterior oblique position the lower ventral border is formed by 
the right ventricle (the right auricle participating in cases of very ex- 
cessive enlargement, but not in those of moderate, or even marked en- 
largement). The diaphragmatic contour up to the incisura is also 
formed by the right ventricle. Therefore it follows that an outline 
representing almost the whole extent of the inflow tract of the right 
ventricle can be demonstrated radiologically. 

Inasmuch as we have stressed the importance of the groove as a land- 
mark in the differentiation between right and left ventricular contours, 
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it is necessary to add that there are certain occasions when the incisura 
cannot be visualized. Such may be the ease when the left leaf of the 
diaphragm is elevated and fixed because of adhesions. Fluid and other 
shadows also obscure the cardiodiaphragmatie contour. In horizontal 
hearts with high diaphragm, inspiratory excursions may not be of suffi- 
cient depth to reveal the lower segments of the heart. In eases where 
systolic contractions are superficial and there is no sufficient upward 
movement with each contraction, the incisura may be suspected but not 
clearly defined. This is frequently the case when cardiae enlargement 
is excessive, especially when the left ventricle is so large that the groove 
is located at or about the center of the diaphragmatic contour of the 
heart (left anterior oblique position). 

Our observations clearly indicate that the segment of the heart resting 
on the diaphragm in left anterior oblique position consists of the right 
ventricle. The incisura, when visualized, was found at or near the point 
where the cardiae contour on the left side rises from the diaphragm. 
This localization is remarkably constant. While the ventral border may 
be influenced by excessive enlargement of the right auricle, definite in- 
flow tract enlargement always results in a broadened base extending to 
the inecisura. When the groove is not visualized because of the diffi- 
culties mentioned above, we feel that one can assume that the right 
ventricle reaches to the lower portion of this rising line. This holds 
true with the exception of those cases where the left ventricle is markedly 
enlarged on its diaphragmatic surface. 

From the above consideration it follows that with the use of the 
method described, not only is the right ventricular outline defined, but 
its constituent physiological units are differentiated. To study satis- 
factorily the right ventricle it is necessary to examine the outflow tract 
(postero-anterior position), then the inflow tract (left anterior oblique 
position). Presence of outflow and inflow tract enlargement can so be 
recorded. It is suggested that this procedure be applied routinely in 
radiography of the heart, since it gives information not available by any 
cther method. 

By applying this method to examination of extensive clinical material 
we found that enlargement of the outflow tract is easily recognized, even 
in its early stages, and need not be associated with demonstrable enlarge- 
ment of the inflow tract. On the other hand, inflow tract enlargement 
could be definitely shown roentgenologically only when there was con- 
siderable enlargement of this portion, and only rarely in the absence of 
outflow tract enlargement. The cause of the difficulty in recognizing 
incipient enlargement of the inflow tract lies in the variability of the 
normal anterior contour in left anterior oblique position. Only con- 
siderable deviation from normal will afford positive diagnosis of 
enlargement. 
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To evaluate the findings obtained in this study it is necessary to recall 
the general rule that the object of radiographic examination of the heart 
is limited at present to recognition of enlargement of individual cham- 
bers of the heart. The significance of this enlargement must be reserved 
for clinical studies to which radiography supplies important data. 


SUMMARY 


A fluoroscopic method for demonstration of the marginal section of 
the interventricular groove located on the lower anterior surface of the 
heart is described, and the application of the method is discussed. 

A procedure for systematic radiologic study of the outflow tract and 
of the inflow tract of the right ventricle is described. 

Based upon this study the following criteria for recognition of en- 
largement of the right ventricle are suggested : 

(A) Outflow tract (postero-anterior position). 

Prominence of the pulmonie¢ artery and conus on the left upper or on 
the left upper and middle cardiae border. 

(B) Inflow tract (left anterior oblique position). 

(1) Prominence of the right lower cardiae border, (2) angulation of 
the anterior contour, (3) broadening of the diaphragmatic outline, (4) 
displacement of the interventricular groove to the left and upward. 


This study was possible through cooperation of Dr. A. J. Bendick. We are 
greatly indebted to Drs. D. Perla, V. H. Kugell, and 8. Rosen for their valuable 
assistance in carrying out the postmortem studies. 
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FUNCTIONAL LONGITUDINAL BLOCK IN THE 
HUMAN HEART 


A ProspaBLe Case UnusuaL ARRHYTHMIA* 


Wm. J. Kerr, M.D., ano Joun J. Sampson, M.D. 
SAN FrRAnNctsco, CAuir. 


INTRODUCTION 
HE ease with its electrocardiographic record is presented because 
it represented, we believe, a phenomenon which is in conflict with 
the present generally accepted opinions regarding the mechanism of the 
spread of the excitation and contraction waves through the human 
heart. 
A summary of the patient’s history is as follows: 


CASE REPORT 

Miss A. T., a young woman aged twenty-one years, was first observed in the 
University of California Hospital on September 12, 1924. Her history was charae- 
teristic of exophthalmie goiter for three years, with the usual symptoms of weak- 
ness, nervousness, loss of weight, tachycardia, a large vascular goiter and ocular 
changes. She had been under the care of Doctor J. W. James of Sacramento, 
California, who had treated her for congestive heart failure and thyroid disease 
by rest, iodine and roentgen ray therapy (thirteen exposures over the thyroid gland 
and ten over the thymus). She had had alternating periods of tachyeardia and 
bradyeardia. 

There was a history of involvement of the heart during an attack of scarlet 
fever at five years of age. There had been several infections diagnosed as influenza, 
pneumonia and tonsillitis between the ages of sixteen and twenty years. 

Physical examination showed the usual manifestations of severe Graves’ disease 
with all the ocular signs associated with the disease including marked exophthalmos. 
The thyroid gland was of great size and very vascular. 

‘The venous pressure was increased. The liver was slightly enlarged, but there 
was no edema of the dependent parts. The heart was greatly enlarged to the left. 
The action was regular, rate rapid, and there were systolic and diastolic murmurs 
indicative of involvement of both aortic and mitral valves. The systolic blood 
pressure was 120 and the diastolic was 40 mm. Hg. The basal metabolic rate was 
60 per cent above the theoretical normal. The vital capacity was within normal 
limits. 

Teleroentgenograms showed the heart to be enlarged downward and to the left 
with a straight left border. The apex was rounded. The shadow of the auricles 
was increased. There was increased density of the shadows over the base of the 
right lung, and the central markings of both pulmonary fields were exaggerated. 
There was no evidence of enlarged thymus. 

Dental caries was marked and apical abscesses were numerous. Other examina- 
tions were unimportant and are therefore omitted here. 


*From the Department of Medicine, University of California Medical School, 
San Francisco, California. 

Read before the meeting of the Association of American Physicians at Atlantic 
City, May, 1931. 
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A diagnosis of Graves’ disease of marked degree with coincident infectious 
valvular heart disease with aortic and mitral valvulitis of long standing was made. 

The patient remained in the hospital for forty days and was discharged improved. 
Treatment consisted of rest, high calorie diet, roentgen ray therapy over the thymie 
region, the insertion of bare tubes of radium emanation (8.0 m.c.h.) into various 
parts of the thyroid gland and left in situ, iodine in the form of Lugol’s solution 
by mouth, digitalis and alkalies. 

The cardiac rate varied from 90 to 120 per minute, and the rhythm was regular 
until the fifth week when complete heart block suddenly developed, the auricular 
rate being 130 and the ventricular rate 55 per minute. For three days thereafter 
the block persisted, and on the third day the auricular rate was 140 and the ven- 
tricular rate had increased to 85 per minute. After each second or third auricular 
complex in the electrocardiogram, the otherwise independent rhythm of the ven- 
tricles was disturbed by a response of these chambers, which seemed to take its time 
from the auricular impulse which preceded it by 0.20 to 0.28 see. This auriculo- 
ventricular block was coincident with overdosage of digitalis and disappeared when 
the drug was eliminated. 

Throughout the period of observation, and before any digitalis was given, the 
T-waves in Lead III of the electrocardiogram were inverted and there was a mod- 
erate degree of right electrical axis deviation. 

Upon discharge, the thyroid condition was greatly improved. During the second 
week of observation the basal metabolic rate had fallen to 44 per cent above the 
theoretical normal. There was a gain in weight of 6 pounds. With clinical improve- 
ment of the Graves’ disease it was still more apparent that there was aortic and 
mitral valvular disease of the heart. 

From December, 1924, until February, 1928, the patient pursued a fluctuating 
course with a gradual trend of improvement in the signs and symptoms of the 
Graves’ disease under oral iodine and roentgen ray therapy. By February, 1927, 
except for slight dyspnea on moderate exertion and periods of palpitation, she had 
no symptoms. Signs of aortic and mitral valvulitis were constant. The thyroid 
gland could not be definitely felt. On one occasion an irregularity of rhythm was 
noted at examination with apparent coupling of the beats. We were unable to 
secure an electrocardiogram on this day. 

On February 23, 1928, she returned for an electrocardiogram and basal metabolic 
rate determination. The latter showed 8.8 per cent below the theoretical normal. 

The electrocardiogram, taken after a considerable delay which greatly 
disturbed the patient, was remarkable and is the subject of this report. 
She was not conscious of having had any attacks of palpitation during 
that day. Miss Nagle, our technician, observed the irregularity in the 
movement of the shadow of the fiber after an initial record had been 
made. Immediately thereafter, Miss Nagle took a second record, the 
curves of Leads If and III showing the abnormal responses, prior to the 
termination of the attack. The sequence in taking this record was Lead 
III, Lead II, and lastly Lead I. 

It can be stated with positive assurance that no one else was in the 
electrocardiographie laboratory except the patient and the technician. 
Although we have eables to two ward stations, the terminals at the 
galvanometer are so arranged that these ward stations cannot be eon- 
nected simultaneously with the laboratory inlets. No one other than 
the technician had any duties in arranging the electrodes for patients 
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at the ward stations or at the central station. The technician could not 
have been in contact with the body of the patient and have released 
the plate carrier at the same moment since the couch was several feet 
removed from the galvanometer. The technician made no direct con- 
tact with the galvanometer terminals. 

In June, 1928, four months after the unusual curves were obtained all the upper 
teeth of the patient were removed, and for a month thereafter she had frequent 
brief attacks of palpitation with great distress and cyanosis. The rate at the apex 
yaried from 30 to 150 per minute as observed by her mother. 

We have been unable to observe her in another of these attacks, and interim 
electrocardiograms have not shown variation in the shape or height of the deflec- 
tions from the previous records during regular rhythm. The QRS time interval 
increased from 0.10 to 0.14 sec. in the four years from 1924 to 1928, 


+ 
+ t 


Fig. 2.—The electrocardiogram of Miss A. T. after the period of arrhythmia. 


DISCUSSION 

Fig. 1 is the electrocardiogram taken during the above described 
attack with an Einthoven string galvanometer, Cambridge Instrument 
model. The string calibration was 1 centimeter response to 1 millivolt. 
The patient was on an isolated cireuit with no individual in contact with 
her or with the electrode leads; and it was impossible for the technician 
using a standard technie for operating the apparatus to superimpose 
her own cardiogram on that of the patient, as previously detailed. 

It will be seen in an analysis of Leads II and III, taken during the 
attack, that two independent rhythms, regular but of different rates, 
are present. Both rhythms have normal P, R, 8S and T-waves, but the 
forms of each of these waves differ as will be seen from a reconstructed 
analysis of them in Fig. 1. What may be ealled rhythm 1 had a rate 
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of approximately 80, and what may be called rhythm 2 had a rate of 
approximately 85 per minute. The P-R intervals of both rhythms are 
0.17 see., as closely as can be measured. It will be observed that there 
is nearly, although not precisely, the same cyclical variation in both 
rhythms suggesting the same autonomic nervous system control of both 
pacemakers. 

The patient’s normal electrocardiogram, taken on the same day and 
repeated many times without appreciable alteration in form, is given 
in Fig. 2, and it will be seen that the P, R, S and T-waves in both 
Leads II and III are electrical summations of the potentials demon- 
strated by the individual rhythms during the attack in Leads IT and II] 
of the electrocardiogram in Fig. 1. It is believed that this is eenuine 
proof that this remarkable double rhythm was not an artefact. 

There is no experimental proof at hand to lead us to draw any certain 
explanation for this phenomenon if the two auricular and ventricular 


Fig. 3.—Human electrocardiogram from Hoffman which he interpreted as an illustra- 
. . . . . I 
tion of longitudinal dissociation. 


contractions occur simultaneously and are so completely isolated from 
each other that there is no influence of one rhythm on the other. If one 
contraction wave invaded the area of the second wave, the normal 
refractory quality of the heart muscle, which is presumably present, 
would prevent a second contraction occurring. On the contrary the 
second eyele of auricular and ventricular deflections occurs unimpeded 
during all phases of the eyele of the first rhythm. 

An hypothesis may be ventured, namely, that a portion of one or 
both auricles is responding to a constant pacemaker, independent of the 
normal pacemaker, with a pathway to one or both ventricles, and, that 
one or both auricles and ventricles, and the pathway between, are dis- 
sociated by all functional contact from the remainder of the heart. 
as if longitudinal sections of the heart were acting independently. Suen 
a phenomenon has been termed longitudinal dissociation but only report- 
ed in isolated beats (Hoffman') (Fig. 3*). 


*This record has been examined by many cardiologists, and it is uniformly agreed 
that the possibility of artefact cannot be excluded. 

It is not necessary to assume that the dissociation is a true hemisystole phenome- 
non; nor, if it were such, is there any Known proof in man that the auricular or 
ventricular deflections must be in opposite directions in the independent rhythms? 
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The uneonfirmed work of Kent,? published in 1893, illustrated both 
anatomical and functional pathways between the auricles and the ven- 
tricles apart from the normal sino-auricular and auriculoventricular 
nodes. The work was done on mammalian hearts and has not been 
adequately checked by repetition. It is conceivable that in the develop- 
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Four electrocardiograms of newborn infants. (From Burg- 


Fig. 4 A, B, C, and D. 
hard and Wunnerlich.) 
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Fig. 5 A and B.—Electrocardiogram from $%0-hour chick embryo. Direct axial leads. 
Two portions of the same continuous record. 


ment of the human heart such a mechanism may be present, through 
faulty differentiation in the conduction system, after the division of 
the heart from a two to a three and from a three to a four chambered 
organ. This faulty differentiation may persist as a functionless anatom- 
ical structure in certain hearts with rare periods of reversion of such 
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a pathway to activity. Only by a fortunate accident could this rever- 
sion be recorded. Certain pathological changes may also predispose to 
this mechanism. 

It occurred to us that other evidence of such a pathway could be 
found in the embryonic heart or in the heart of early infaney. Fig. 44, 
B, C and D are the electrocardiograms obtained from premature infants 
by Burghard and Wunnerlich® who interpreted the irregularities as 
recurrent extrasystoles. These records, we believe, illustrate similar 
dissociation within the ventricles. It is not possible from the curves 
presented by these authors to determine whether definite auricular waves 
precede the ventricular deflections. 

Fig. 5 illustrates the records that were taken with an amplifying 
type of galvanometer on one of a series of chick embryos. This par- 
ticular record was made from a specimen of an approximate age of 
ninety hours. Here again no auricular waves were recorded, but the 
heart was grossly observed to contract segmentally along a longitudinal 
plane. The electrocardiographie record, taken from axial leads, showed 
apparently the same functional dissociation with evidence that the 
second portion of the heart was uninfluenced by the refractory period 
of the contraction waves of the first portion. 

CONCLUSION 

Whereas it is recognized that no conelusive explanation can be given 
for the phenomenon observed in this patient, and that the possibility 
of artefact cannot be completely excluded, we feel that it represents 
an unusual state of intracardiac dissociation and possibly may be a 
reversion to an embryonic mechanism. 
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THE STATUS ANGINOSUS INDUCED BY PAROXYSMAL 
AURICULAR FIBRILLATION AND PAROXYSMAL 
TACHYCARDLIA* 


PauLt D. Wuire, M.D., Paut D. Camp, M.D. 
Boston, Mass. 


ILLIAM HEBERDEMN?® in 1768 was the first to give the name 

‘‘angina pectoris’’ to the syndrome of paroxysmal substernal op- 
pression on exertion. A great deal has been written about this syndrome 
since that time, and we have not yet learned the whole story. We have 
known for years that more factors than one have a part in the produe- 
tion of angina pectoris and only this year Lewis® has attempted to sepa- 
rate off one group of eases from the rest, that group consisting of pa- 
tients with marked hypertension and tachyeardia occurring only at the 
time of the angina pectoris and attributed by him to a kind of vasocon- 
strictor storm in which the coronary arteries are among the vessels in- 
volved. In the present paper we wish to eall attention to still another 
association of angina pectoris, namely that with various types of 
paroxysmal tachycardia. 

It is a fact generally known that sino-auricular tachyeardia and a 
rise in blood pressure frequently occur during an attack of angina peec- 
toris or may bring on an attack. Mackenzie'® calls particular attention 
to this, citing a case in which during a test for sensitiveness of the skin 
of the left breast the heart rate suddenly increased from 90 to 130 with 
an accompanying severe attack of angina pectoris. Numerous other 
authors, particularly Lewis® during the past year, have written of the 
increase in blood pressure and also of sino-auricular tachyeardia with 
angina pectoris. 

Occasionally angina pectoris and paroxysmal auricular fibrillation or 
flutter or paroxysmal tachyeardia occur in the same patient at dif- 
ferent times. Levine’ found that only one out of 103 cases of angina 
pectoris showed persistent auricular fibrillation and that one patient 
showed transient fibrillation; during this same period he saw 423 eases 
of persistent auricular fibrillation and of this group 200 were observed 
in elderly persons with ‘‘chronic (nonrheumatic) myocarditis.’’ Mae- 
kenzie,!° Lewis,* and White’? have also called. attention to the infrequent 
association of angina pectoris and auricular fibrillation. It is a common 
clinical finding that when persistent auricular fibrillation sets in angina 
pectoris usually disappears. However, paroxysmal auricular fibrillation 
is not so rare in patients with angina pectoris. 

Infrequently, paroxysmal auricular fibrillation or paroxysmal tachy- 
cardia is found complicating acute coronary occlusion. This fact has 
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been noted by various writers; for example, Robinson and Herrmann" 
reported that of four cases of paroxysmal ventricular tachycardia, one 
had coronary thrombosis (proved at postmortem examination). 

Frequently, discomfort occurs with paroxysmal auricular fibrillation, 
paroxysmal auricular flutter, or paroxysmal tachyeardia, but such dis- 
comfort is not generally of the nature of angina pectoris. Lewis,* in 
his discussion of the symptoms of paroxysmal tachycardia, included in 
one group of such cases ‘‘anginal symptoms, varying in intensity from 
slight precordial pain or a sense of compression with skin tenderness to 
the violent continuous pain radiating in the characteristic fashion over 
the chest into the neck, into the left arm, or both arms, and into the 
abdomen.’’ Barnes and Willius? reported 19 cases of paroxysmal tachy- 
cardia with pain similar in type and location to that seen in angina pee- 
toris but of longer duration, the pain occurring only with the paroxysms 
of tachyeardia. The patients did not have angina pectoris between the 
paroxysms. Laslitt,° among others, has noted pain occurring during 
paroxysmal auricular fibrillation, but not characteristically anginal. 

Finally, angina pectoris is induced in rare cases as a status anginosus 
by parorysmal auricular fibrillation, paroxysmal auricular flutter, or 
paroxysmal tachycardia in patients who already have shown angina pec- 
toris on effort. It is the purpose of this report to call attention 
to this combination which, though rare, is of considerable importance, 
particularly because of the need of differentiating it from coronary 
thrombosis. 

Three of the four case reports recorded herewith illustrating this 
condition were obtained from the records of 4,000 cardiae patients seen 
in our private practice. For the remaining case report we are indebted 
to Dr. Frank M. Howes of New Bedford, Mass. We have searched the 
records at the Massachusetts General Hospital without being able to 
find a clear-cut case of this syndrome. There were several doubtful 
cases. 

CASE REPORTS 

CASE 1.—Angina pectoris and paroxysmal auricular fibrillation. W. P. B., a 
married woman of sixty-eight vears, was seen on August 3, 1930, by Dr. Howes. 

The essential points in her past history were that there had been no illness 
except colds, and no pregnancies. For the past three or four vears she had had 
pain under the sternum on exertion, with distress radiating down both arms. 

On August 3, 1950, while quiet at home, she complained of pain in the chest, 
substernal in location and radiating down both arms. This pain felt exactly like 
her angina pectoris of effort but it occurred while she was quiet and persisted 
for hours. Dr. Howes was summoned and administered morphine subcutaneously. 
He thought at the moment that he was dealing with acute coronary thrombosis 


but later events caused him to change his mind. 
Physical examination at this time (August 3, 1930) revealed a well-developed, 
slightly obese woman. Her color was good and the pupils were normal. The 


teeth were false except for six in the lower jaw in front. A small adenoma of 
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the thyroid was felt. The heart borders could not be made out. There was a 
blowing apical systolie murmur replacing the first sound, and a rough systolic 
murmur was heard in the aortic area also. The rhythm of the heart was abso- 
lutely irregular at a rate of 120 beats per minute. The systolic blood pressure 
was 140 mm. of mereury. There was no edema of the lungs or extremities. 

The auricular fibrillation stopped while the patient was being examined and 
the pain went away at once. The rhythm was then regular at a rate of 68 beats 
per minute. There were no sequelae even suggesting coronary thrombosis. 

The patient was digitalized and then given a ration of one and one-half grains 
of digitalis five days per week. She has continued to have definite angina pee- 
toris associated with exertion. The blood pressure has varied from 160 to 194 
mm. of mercury systolic and from 80 to 88 mm. diastolic. The pulse has re- 
mained regular at a rate of 68 to 70 beats per minute, except during paroxysms 
of fibrillation. She has had three such attacks lasting for one to three hours and 
ach attack has been accompanied by angina pectoris. 

CasE 2.—Angina pectoris and parorysmal auricular fibrillation. C. R. S., male, 
aged sixty-two years at the time of his first attack of paroxysmal auricular fibril- 
lation with angina pectoris in December, 1929, was seen by us in consultation for 
the first time on January 17, 1928. He had always been well and active, except 
for occasional attacks of gout and an appendectomy in 1892, until 1908 when he 
first began to feel on exertion, such as golfing uphill, low substernal distress and 
pain, radiating upwards and outwards part way to the axillae, more on the left. 
When the oppression was more severe he would notice, in addition, aching in both 
wrists, but not in the arms or hands. This pain would last five to ten minutes 
and would disappear on resting. At that time the pain did not interfere with 
his work or play, but there was a gradual increase in the frequency of attacks 
and to some extent an increase in severity of the attacks. During the two years 
prior to consultation he had been greatly crippled by the angina pectoris and 
had led a retired, sheltered, and inactive life. The attacks might occur several 
times in twenty-four hours. As he was very sensitive to nitroglycerine he did 
not use it much but said that he found aspirin somewhat helpful. 

On physical examination he was found to be well developed and nourished. His 
pupils were equal and active. The lungs were clear. The liver was not felt. 
There was no edema of the extremities. The maximal apex impulse of the heart 
was felt under the sixth rib, 9.5 em. to the left of the midsternal line and 1 em. 
beyond the midelavicular line; the left border of dullness corresponded. There 
was a moderate blowing aortie systolic murmur, heard less well at the apex. The 
rhythm was regular and the pulse and apex rates were 72 per minute. The blood 
pressure was 170 mim. mereury systolic and 70 mm. diastolic. The electrocardio- 
gram showed normal rhythm, at a rate of 80, moderate left axis deviation, and 
rather wide S-waves in Lead II. 

He was seen again by us on September 14, 1928, and stated that his angina 
pectoris had continued more or less the same until about one month prior to this 
visit when it began to get much worse and he had had daily attacks. He found 
he could take nitroglycerine grains 1/200 and this dose gave quick relief. Physical 
examination and electrocardiogram were essentially as before. 

fe was next seen by us at his club on December 21, 1930, at which time he 
was in the midst of a paroxysm of auricular fibrillation, the ventricular rate be- 
ing 120 to 150. He had severe precordial and substernal pain which had at once 
required 1/8 grain of morphine sulphate subcutaneously, then 1/4 grain 
more just before we saw him, and finally 1/6 grain in addition one-half hour 
later. The paroxysm had begun after dinner and was quickly attended by the 
pain. Nitrites gave no relief. He was taken to the hospital where the palpita- 
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tion (a relatively slight symptom) and the pain (severe) continued, although 
numbed by the morphine, until four-thirty the following morning (a total of 
eight and one-half hours). He slept the remainder of the night. When seen in 
the morning his pulse was regular at 80; he looked well and was free from pain. 
An electrocardiogram taken that same day showed normal rhythm, at a rate of 
75, with marked left axis deviation. 

He admitted at this time (December, 1930) that during the previous year he 
had had angina pectoris daily, and that there had also occurred, mostly after 
dinner in the evening, or later at night, spells of auricular fibrillation once or 
twice a week, attended by persistent pain and lasting a few hours. 

He was seen again in his rooms on the afternoon of April 2, 1931. At 8:30 A.n. 
there had begun his first attack of absolute arrhythmia (with great pain) since 
the previous November. He had been given morphine sulphate 1/4 grain sub- 
cutaneously at noon and had gotten relief from this in two hours. At 3:15 Pia, 
the heart was absolutely irregular at a rate of 130. At 8:30 P.M. he felt much 
better, was without pain, and the pulse was regular at 66. 

He quickly recovered from this attack, returned to his usual state of health, 
but died suddenly on June 16, 1931. 

CASE 3.-——Angina pectoris and paroxysmal auricular fibrillation. E. de C., fe- 
male, aged seventy-five years, was first seen by us as a private patient on Decem- 
ber 29, 1930. She said that she had been always well and active but nervously 
sensitive. For the past vear she had noticed substernal oppression on exertion, 
especially on hurrying or on walking uphill, which oppression had been quickly 
relieved by rest or nitroglycerine which she had used a few times. She had had 
some dyspnea on exertion for the year prior to consultation. 

About eight or nine months prior to this visit she had had a spell of rapid, 
irregular palpitation with severe anterior chest pain lasting several hours. She 
had a second similar spell two or three months after the first. 

On December 19, 1930, during dinner and after an unusually active day, she 
was seized by severe pain under the right scapula radiating down the right arm 
and lasting for one and one-half hours unchanged, and less severely for several 
hours after that. She did not notice any palpitation at first but when Dr. James 
Faulkner saw her an hour after the onset of the attack, he found a rapid irregu- 
lar heart rate (auricular fibrillation). The blood pressure at this time was 135 
mm. mereury systolic and 90 mm. diastolic. The lungs showed moist rales at both 
bases. There was little or no cyanosis. Pantopon, gr. 1/5, and digitalis, 0.7 gram, 
were given and the next day the heart rate had dropped to 108 but was still abso- 
lutely irregular. Normal rhythm returned spontaneously about thirty-six hours 
after the onset of the attack. There was no fever after this attack or other evi- 
dence of coronary thrombosis. 

On physical examination in our office on December 29, 1950, she appeared but 
slightly ill. Her color was fair and she was breathing normally. There was no 
engorgement of the cervical veins. Her heart was enlarged, the sounds were of 
good quality, and there were loud apical and moderate basal systolic murmurs. 
The rhythm was normal and the rate was 84 per minute. The blood pressure 
was 200 mm. of mercury systolic and 90 mm. diastolic. The electrocardiogram 
showed auricular premature beats at a heart rate of 105, and bundle-branch block. 

It was reported by letter from Florida on April 1, 1951, that she had done 
very well until two to three weeks prior to that date when jaundice began. As 
this did not clear up she was operated on and two gallstones were removed. Her 
condition was more or less critical for a few weeks but she recovered and _ re- 
turned north. 

On May 14, 1931, she was found dead in bed in the morning. 
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Case 4.—Angina pectoris and paroxysmal tachycardia. W. E. C., male, aged 
sixty-six years, was seen in consultation by us on July 24, 1930. His past history 
was irrelevant. His present illness started a few years before his visit to us 
when he began to notice slight high substernal oppression on considerable ex- 
ertion such as walking fast up a hill. This would last only a few minutes and 
there was no radiation. Early in May, 1930, he first began to have spells of 
weakness. The first two came on after breakfast about two weeks apart and 
lasted ten to fifteen minutes, passing off with rest. 

On May 25, 1930, while at work in his drug store he was suddenly seized by a 
cold sweat and weakness. He had to sit down and in a few minutes he experi- 
enced substernal pain radiating to the left shoulder and down the left arm to 
the wrist. He was taken home and given morphine sulphate subcutaneously. The 
pain lasted an hour or more. He remained in bed one and one-half days; there 
was no fever. He then resumed work but that night he had a very mild brief 
attack of precordial burning. He then felt all right for over a month but he 
spent three weeks in bed. 

On July 19, 1930, after having been out riding in the afternoon he was sud- 
denly seized, while brushing his teeth, by a spell of racing of his heart followed in 
five minutes by severe substernal and left arm pain requiring three-eighths of a 
grain of morphine sulphate subcutaneously. Physical examination that night by 
Dr. John Sproull revealed a well-developed and nourished man lying flat in bed 
without cyanosis. He was in a cold sweat. There were rapid pulsations of the 
veins of the neck. The heart rate on repeated counts was 196 per minute, and 
the sounds were tic tac in character, but the rhythm was regular. The blood 
pressure was 120 mm. mercury systolic and 100 mm. diastolic. The rate con- 
tinued the same for four hours after the administration of morphine but the pain 
gradually went away in an hour or so under the influence of the drug. The next 
day he felt all right and continued to feel well although he rested in bed until 
the day of his oftice visit to us (July 24, 1930). 

On this date his physical examination revealed frequent premature beats, a 
pulse rate of 80, no evidence of congestive failure, good heart sounds, and heart 
about normal in size. There were no murmurs. The blood pressure was 120 mm. 
mercury systolic and 80 mm. diastolic. Fluoroscopic examination showed a normal 
heart with considerable tortuosity of the aorta. The electrocardiogram showed 
ventricular premature beats at a rate of 95 with intraventricular block. 

A diagnosis of coronary disease with aortic sclerosis, paroxysmal tachycardia, 


angina pectoris, and intraventricular block was made. 


SUMMARY OF CASE REPORTS 

Case 1: Definite attacks of angina pectoris on effort, free of tachy- 
cardia, during four years prior to consultation. Observed during an 
attack of status anginosus brought about by paroxysmal auricular fibril- 
lation and disappearing immediately upon cessation of the paroxysm of 
auricular fibrillation. 

Case 2: Definite angina pectoris on effort for twenty-three years. 
During the last eighteen months of his life he had several attacks of 
status anginosus brought on by paroxysmal auricular fibrillation; be- 
tween the attacks of status anginosus he had the usual attacks of angina 
pectoris on effort. 

Case 3: Angina pectoris on effort for about one and one-half years 
before death. During the last fifteen months of her life she had 
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three attacks of status anginosus brought on by paroxysmal auricular 
fibrillation. 

Case 4: History of angina pectoris on effort for several years. Dur- 
ing the month prior to consultation he had two attacks of status 
anginosus brought on by paroxysmal tachyeardia. 

DISCUSSION 

Angina pectoris induced as a status anginosus by paroxysmal auricu- 
lar fibrillation or paroxysmal tachyeardia, although rare, should be 
recognized and differentiated from other conditions, in particular, 
coronary thrombosis. The points in favor of the diagnosis are as fol- 
lows: a history of previous angina pectoris, of previous paroxysmal 
tachyeardia or paroxysmal auricular fibrillation, and of their associa- 
tion; the finding of a very rapid heart rate on physical examination at 
the time of the pain; the demonstration of auricular fibrillation, auricu- 
lar flutter, or paroxysmal tachycardia by electrocardiogram in patients 
during the attack of substernal oppression; and finally, the absence of 
any evidence of coronary thrombosis after the subsidence of the par- 
oxysm of rapid heart action. The course of the illness settles the diag- 
nosis, but at the onset one must in some ¢ascs at least remain in doubt. 
Nitroglycerine is ineffective and morphine subcutaneously is necessary 
in either case. Quinidine sulphate may shorten the duration of the ab- 
normal rhythm. 

Bareroft, Boek, and Roughton' made detailed observations on the c¢ir- 
culation and respiration in a case of paroxysmal tachyeardia. They 
found that during attacks the systolic blood pressure fell from 120 mm. 
of mereury to 100, whereas the diastolic rose from 68 to 80 mm.; the 
minute volume sank from 5 — 6.1 liters to 2.8 — 2.1 liters per minute; 
f 


blood from the basilie vein; the systolic output dropped from 77.5 ¢.c. to 


ischemia was noted particularly in the skin as shown by analysis 


12.9 ec. They found no reduction in the oxygen saturation of the ar- 
terial blood, but rather a rise. 

Carter and Stewart* studied a similar case and it is interesting to 
note that during the paroxysmal tachycardia they found a marked de- 
crease in the arterial oxygen saturation without demonstable pulmonary 
congestion to account for it. They also noted a very low oxygen satura- 
tion of the venous blood, largely due to stagnant anoxemia, the result 
of slowing of the circulation. 

When a paroxysm of tachycardia starts, a vicious circle is soon set 
up, because, the heart rate being increased, there is a greater demand 
for blood to supply the overworking cardiac muscle; however, the faster 
the rate, the less the minute volume and systolic output, and hence the 
ereater the decrease in blood supply to the myocardium. Thus it seems 
quite reasonable, if we accept the theory that myocardial ischemia is a 
eause for angina pectoris, to account in this way for the induction of 
the status anginosus by a paroxysm of tachycardia or of auricular fibril- 
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lation, especially in a myocardium whose coronary circulation is evi- 
dently already defective as indicated by the clinical syndrome of angina 
pectoris on effort. 

The ultimate prognosis is apparently as grave in the patient with 
angina pectoris induced by paroxysmal auricular fibrillation or tachy- 
cardia as in the patient with coronary thrombosis, for if there is so 
much coronary narrowing that an increased heart rate alone (without 
effort) can induce the pain, life is not apt to be long. Two of the four 
patients we have reported here died suddenly within two years of the 
time of onset of their paroxysms of angina pectoris induced by spells 
of abnormal rapid heart action. 


SUMMARY 


We have reported here four unusual but important cases to illustrate 
the fact that a status anginosus may oceur without coronary thrombosis. 

A great increase in heart rate due to paroxysmal auricular fibrilla- 
tion or paroxysmal tachyeardia (with accompanying drop in systolic 
blood pressure or pulse pressure) was evidently responsible for the in- 
duction of the angina pectoris that was at other times a characteristic 
result of effort in all of these four cases. Two of the patients were men, 
aged sixty-two and sixty-six years, and two were women, aged sixty- 
eight and seventy-five years. One of the men (the first) and one of 
the women (the second) died suddenly eighteen months and fifteen 
months, respectively, after the first attack of angina pectoris induced 
by the abnormal heart rhythm. The other two patients were alive one 
year after their first attacks of this nature. 
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TREATMENT OF SPASMODIC VASCULAR DISEASE OF THE 

EXTREMITIES OF THE RAYNAUD TYPE* 
ALIcE R. BerNuEm™, M.D., IsaBeL M. Lonpon, M.D. 
New York, N. Y. 
N the course of investigations on thromboangiitis obliterans, arterio- 
sclerosis, and related diseases, there have come to our attention a 
number of cases of peripheral vascular disease which do not conform 
with the well-known types. These cases seem to resemble mild or bor- 
derline forms of Raynaud’s disease, presenting such symptoms as 
acrocyanosis, acroasphyxia, numbness, pain or burning of the fingers 
or toes. The symptomatology, or rather the emphasis of these symptoms, 
varied considerably among the cases, but they all had one feature in 
common, a definite relationship between the onset of symptoms and 
exposure to cold. 

Although none of the four cases described below was of the severity 
originally noted by Raynaud! as characteristic for this disease, they 
represent at least that variety (described by Lewis) characterized by 
hypersensitiveness to cold resulting in arterial spasm. They show no 
permanent, irreversible changes such as gangrene or spontaneous ampu- 
tation, which probably indicates that spasm formed the essential basis 
of their symptomatology. 

These cases have all been treated by a high calcium regime, and they 
have all improved. Full histories in these case reports are not here 
given, since the patients presented no abnormalities other than those 
noted below. 

CASE REPORTS 

CasE 1. Mrs. F. H., thirty-two years old, complained for twelve years of cold- 
ness and pallor of the fingers of both hands on exposure to cold. For two years, 
since a thyroidectomy, her condition had been growing steadily worse. Before the 
beginning of treatment she found that any exposure to cold (going out of doors 
in‘ cool or cold weather, even with heavy gloves on) resulted in a complete blanch- 
ing of her fingers, from the tips to the palm, with a numbness and discomfort 
subjectively, and an extreme coldness of the fingers objectively. After withdrawal 
from the cold, this stage was followed by a hyperemic red (not cyanotic) stage, 
which was not painful. Between attacks the appearance of the fingers was normal. 
Both radial pulses were normal. 

After a high calcium regime given by mouth the condition improved, so that the 
patient never had more than one very mild attack in any single day, no matter 
how often she was exposed to cold. This mild attack would consist in a blanching 
of the distal phalanx of one finger only, instead of all the fingers of both hands, 
as formerly. On intravenous calcium therapy the mild attacks occurred rarely, and 
there were no severe ones. The appearance of her fingers remained normal when 
unexposed to cold. 

CASE 2. Mrs. M. P., fifty years old, was troubled for two months with attacks 
of marked burning and blueness of the hands on exposure to cold air. At the 
onset she had an attack whenever she gripped anything with her hands; later she 
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found herself unable to place her hands in cold water without a troublesome sensa- 
tion of burning, and shortly before beginning treatment she had blueness and 
burning of her hands on exposure to tie outside air, 

After one week on the regime she had no more blueness of the fingers, and the 
burning was markedly diminished. She has had no recurrence now for more than 
one year, and she has been on medication constantly during that period. 

Case 3. Mr. T. P., twenty-five years old, had been suffering for seven years 
with dull aching pains in the feet and hands in cold weather. The onset was 
gradual. There was no history of freezing or other trauma. The condition had 
been growing steadily worse, so that even moderately cool weather induced the pain. 
There were no swellings or color changes, but there was markedly local sweating in 
both hands and feet. The pain was relieved by soaking the painful limbs in 
hot water. 

Treatment was begun in September, 1930, while the weather was still mild and 
there was no pain. Subsequently, although the excessive sweating has remained 
unchanged, the patient has been without pain even in very cold weather except for one 
day when he had pain in his feet while standing outside in the cold during the 
entire day. 

Case 4. Mr. C. L., thirty-two vears old, complained of pain and redness of 
his hands and feet in cold weather, together with marked itching and sweating. 
There was no history of trauma. 

He improved on dosage smaller than that which we now use, as our present 
regime had not yet been established. In the course of a month (in February) he 
reported that his feet were warm, his hands less red, and that the troublesome 
itching had stopped. When he discontinued treatment for a month, he had a 
recurrence of symptoms, which disappeared on the resumption of the high calcium 
schedule. 

THERAPY 

The therapy consists of a high calcium regime which, in order to 
be adequate, must take into account the various factors concerned with 
absorption, such as differences among individuals in the absorptive 
power for calcium, the addition of vitamins, the time of calcium admin- 
istration, ete. It is our intention to give in a subsequent communication 
a full consideration of this question; accordingly we shall here confine 
ourselves to presenting the following schedule of our procedure in these 
cases. 

For two weeks: A daily diet of milk, 1 quart; viosterol, 30 drops; tomato 
juice, 16 0z.; orange juice, 8 0z.; and lactose, 15 oz. 

The viosterol may be taken in three doses of 10 drops each, or in two doses of 
15 drops each. 

The tomato juice is given for its high vitamin content, primarily for vitamin B, 
which favorably affects intestinal tonicity.? If tomato juice is not well tolerated, 
other substances rich in vitamin B may be substituted. 

The next two weeks: If results are not satisfactory, calcium salts are substi- 
tuted for the milk. Either calcium lactate or calcium gluconate may be used. 

Dosage of calcium lactate: 80 grains daily in two doses of 40 grains each, 
40 grains one hour before breakfast and 40 grains fours hours after supper. If 
the second dose interferes with bedtime, it may be taken four hours after luncheon, 
and supper should then not be eaten within less than one hour after taking the 
dose, 

Dosage of calcium gluconate: 150 to 180 grains daily, as either a powder or 
a tablet, plain or effervescent, the time of administration being the same as for 
the lactate. 
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The time of administration of the calcium salts is very important, and only 
small amounts of water should be taken with the tablets. It has been shown that 
calcium is absorbed best in the interdigestive period® and that when calcium is 
taken ‘‘three times a day after meals,’’ as it is so frequently prescribed, a mini- 
mum absorption results and the therapy usually fails. 

The next week: If there has been no improvement, calcium gluconate adminis- 
tered intramuscularly is added to the treatment. The dosage is 1 ampule (10 «ee, 
of a 10 per cent solution) daily, with or without parathormone, 20 units (1.0 e¢.), 

The next week: If this has not been satisfactory, calcium gluconate or calcium 
chloride is given intravenously. The dosage is 1 ampule (10 cc. of a 10 per cent 
solution) daily. 

LITERATURE 

The recent literature concerning Raynaud’s disease makes little defi- 
nite mention of calcium as a therapeutic agent, notwithstanding repeated 
references to it in the older literature.* Osler, for example, in his text- 
book,’ lists calcium lactate, gr. xv three or four times daily, as being 
very effectual in some cases. Calcium is included briefly by Mumford® 
and by Claude and Tinel’ in describing treatment in their cases. Neither 
Poulton’ in 1926, nor Deschamps’ in 1929, in reviews of the literature 
on Raynaud’s disease with extensive bibliography, considers calcium. 
Barath'’ mentions calcium briefly, saying that it has been used by many 
with little success in angiospastic conditions. Margolin’! in 1926, de- 
scribed Raynaud’s disease occurring in a case of tetany, with the cure 
of both diseases by the administration of calcium. 

In related conditions, such as erythema pernio and acrocyanosis, 
caleium has been used for many years.” 


THEORETICAL 

The explanation for the results obtained in our cases of vasomotor 
spasm by the use of a high intake of calcium is not entirely clear. Possi- 
bly the action of calcium upon this type of vascular spasm caused by 
cold is analogous or even related to its action in certain so-called allergic 
conditions characterized by spasm, e. g., bronchial asthma, in which 
favorable results are often obtained. The analogy becomes even more 
striking from a consideration of the observations of Thomas Lewis,"* 
in cases of Raynaud’s disease, that apparently there exists in these sub- 
jects a true specific idiosynerasy or hypersensitiveness to cold which 
manifests itself through the spasmodie arrest of cireulation in the 
affected parts, independently of the vasomotor nerves. 

On the evidence presented by Lewis it seems warranted to question 
the old idea that the disease is one of the nervous system, and particu- 
larly related to the sympathetic nervous system. The newer conception 
is well summarized by Blackader,'* who says: ‘‘The abnormal element 
in the syndrome would appear to be a local direct reaction to a lowered 
temperature, due to a peculiar, hypersensibility of the vessel wall, and 
not the result of a reflex through the vasomotor nerve. . . . The 
pathological element in the vascular spasm is not of central nervous 
origin as it has generally been thought to be, and there would appear 
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to be no foundation for relating this vascular phenomenon with diseases 
of the nervous system in other portions of the body. Recent research 
points to the possibility of its being due to some deficiency of calcium 
in the blood.’’ 

In considering ‘‘ealeium in the blood’’ it should be understood that 
the total caleium of the blood serum may be a poor indicator of the 
ealeium activity in the body unless it is very high or very low. For 
example, in long continued hyperparathyroidism, both clinical and 
experimental, the serum calcium may drop from its initial elevation 
into the normal range, while the abnormal drain of the body’s calcium 
stores persists as before.’* In hyperthyroidism, where there is a large 
negative calcium balance over long periods of time,’® the serum calcium 
seldom gives indication of the calcium loss. The reverse of this situa- 
tion may be exemplified in those occasional cases of tetany with normal 
serum calcium level, in which, despite the ‘‘normal’’ blood figure, the 
symptoms may be ascribed to physiological lack of caleium.’? Sinee 
calcium may be found in the blood in three forms (nondiffusible, diffusi- 
ble ionic, and diffusible nonionic), it is evidently possible for a total 
concentration to be within normal limits, while an imbalance among 
these three forms underlies a physiological disturbance. Our methods 
of precision are not yet adequate in measuring these forms of calcium. 

Percival and Stewart!’ investigated the blood calcium in twelve cases 
of chronic erythema of the legs resembling erythema pernio or mild 
forms of Raynaud’s disease, and found values ranging from 9.2 mg. to 
11.8 mg. per 100 ¢.c. of serum. In two eases they found 73 per cent 
and 80 per cent diffusible caleium (by eollodion filtration). They 
administered parathyroid by mouth with no improvement, although the 
serum calcium rose from 9.2 to 10.6, and from 10.0 to 10.3 respectively 
(obviously not a significant rise). They conclude that hypocalcemia 
is not an etiological factor in the disease, nor is ealeium effective as 
a therapeutic agent. They made similar studies in other skin diseases,’® 
such as Bazin’s disease, chronic leg ulcers, psoriasis, and erythema 
pernio, and came to like conclusions. Hallam*° accepts their conclusions, 
saying : ‘‘The present state of our knowledge of calcium metabolism 
is admittedly deficient; but according to the investigations of Percival 
and Stewart already cited, there does not seem to be any justifiable 
ground for believing that either of these complaints (erythema pernio 
and acrocyanosis) is associated with, or, consequent on, a calcium 
deficiency.’ 

As we have stated, a normal calcium level in the blood may give no 
indication of the behavior of calcium in the body. In our opinion these 
patients were not given adequate calcium therapy, and we think that 
definite conclusions as to its efficacy are not warranted. 

That irreversible changes in the arterial walls had not developed 
in any of our eases is shown by the normal appearance of the fingers 
and toes together with absence of symptoms whenever the surrounding 
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temperature was above the range in which attacks could occur. During 
high calcium treatment when the patient was exposed to cold, the symp- 
toms either did not appear or were very much diminished; at higher 
temperatures the fingers and toes appeared normal, just as they did 
before calcium treatment. The effect of calcium in these eases is 
therefore presumably upon the peculiar hypersensitiveness of the blood 
vessels to cold, and not upon the normal vasomotor nervous control of 
the vessels. 

In this respect the effect of calcium is fundamentally different from 
that of sympathectomy, which benefits spasmodic arterial disease only 
indirectly, i. e., by paralyzing the (normal) vasoconstrictor mechanism 
and so causing permanent vasodilatation. The extremities after sympa- 
thectomy are usually distinctly warmer than normal at all atmospheric 
temperatures, and are consequently less susceptible to the effects of 
cold. No apparent ill-effect is noted as a result of the loss of the 
pilomotor and sweating reflexes. Nevertheless, as Lewis emphasizes, 
the underlying hypersensitiveness to cold of Raynaud’s disease persists, 
and ean still be evoked by sufficiently prolonged exposure to cold.” 


SUMMARY 
Four eases are described in which there was spasmodie vascular 
disease of the Raynaud type characterized by hypersensitiveness to cold. 
Distinet benefit was obtained by a_ high-calcium-high-vitamin regime. 
The effect of calcium differs from that of sympathectomy in that no 
permanent alteration of the vasomotor nervous mechanism is brought 


about. 
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VENTRICULAR BIGEMINY (PARASYSTOLE OR RECIPROCAL 
RHYTHM) IN ATRIOVENTRICULAR RHYTHM* 


Drew M.D., AND JULIUS JENSEN, M.D. 
St. Louis, Mo. 


ASES of atrioventricular rhythm with a certain type of ventricular 

bigeminy have been reported from time to time for many years. 
The electrocardiograms are characterized by conspicuous variation in 
the P-R and R-P intervals and by premature beats occurring at short 
intervals after the rhythmic ventricular contractions. The premature 
beat is not followed by a compensatory pause and it is preceded, in 
most of the reported cases, by a more or less well-defined P-wave. 
Authors who have reported such cases have employed two different 
theories to account for the second of the bigeminal beats. Both theories 
agree that the causative impulse is supraventricular in origin, but they 
differ regarding its exact site of origin and its character. 


The advocates of the theory of reciprocal rhythm regard all auricular activity 
in these cases as due to impulses which originate in the A-V node. The eases differ 
from other instances of atrioventricular rhythm, however, in that the conduction 
of impulses from the A-V node baciward to the auricle is interfered with. Contrae- 
tion of the auricle consequently occurs at an interval after ventricular systole which 
grows progressively longer; i.e., the R-P interval increases. Conduction of the nodal 
impulses downward to the ventricle, on the other hand, is unimpeded, and this 
chamber responds without delay. But ventricular activity is not limited to the 
rhythmic impulses coming directly from the node. When the lengthening R-P in- 
terval reaches a certain value, a premature ventricular contraction occurs in response 
to an impulse from the auricle. By some it is supposed that the contraction of the 
auricle, set off by the nodal impulse, itself constitutes the stimulus to the premature 
ventricular systole. By others it is suggested that the nodal impulse in some way 
returns from the auricle, passing again through the A-V tissue and thus reaching 
the ventricle by a sort of circulating mechanism. In support of this notion its 
proponents cite Mines’ classical experiment with the heart of a tortoise; an experi- 
ment, it will be recalled, which was concerned not with atrioventricular rhythm but 
with movement around a ring composed of both auricular and ventricular tissue. 

Those who invoke the theory of parasystole believe that the auricular activity is 
due to impulses which originate, not in the A-V node, but at an independent pace- 
maker in the auricle. The rate of the auricular pacemaker is slower than that of 
the nodal pacemaker, and the progressive lengthening of the R-P interval results 
from this difference in rates. Under this theory, as well as under the other, inter- 
ference to the conduction of impulses from the A-V node to the auricle is assumed. 
The interference, however, must be complete, thus guarding the center of slower rate 
from the faster center. But the block must apply to the passage of impulses only 
toward the auricle and not toward the ventricle. It must be unidirectional. For if 
impulses from the slower center were prevented from reaching the ventricle they 
could not excite it, and the resulting mechanism would constitute not parasystole 
but A-V dissociation. But since the block is only in the one direction, impulses 
elaborated at the auricular center as well as those from the A-V node pass toward 


*From the Department of Medicine, Washington University School of Medicine 
and the Barnes Hospital, Saint Louis, Missouri. 
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the ventricle and themselves produce responses when not prevented by refractory 
tissue. Such ventricular responses to impulses from the auricular center, oceurring 
before the sequential rhythmic impulse from the lower center is due at the ventricle, 
produce interruptions to the dominant ventricular rhythm. 

Under both theories these cases are regarded as examples of socalled A-V rhythm 
in which the regular beating of the ventricle is interrupted by another supra- 
ventricular impulse whenever it finds the lower tissues responsive. One theory holds 
that both the auricle and the ventricle are activated from a single center located 
between them; asynchronism in contraction depending on unidirectional impairment 
in conduction. Under the other theory the auricle is activated from a center separate 
from that which activates the ventricle; asynchronism resulting from difference in 
the rates of the auricular and ventricular centers. 

Before pursuing further the particular problem involved in the special cases of 
A-V rhythm with which this paper is concerned, brief consideration must be given 
to A-V rhythm itself. This name is given to a phenomenon produced under certain 
experimental conditions, particularly by destruction of the S-A node or by stimula- 
tion of the right vagus and the left sympathetic nerves. Under such circumstances 
the electrocardiographic complex of ventricular activity is not preceded by the 
usual form of P-wave at the usual interval. The P-wave is usually, but by no 
means invariably, inverted (Scherf and Shookhoff). Clinical electrocardiograms of 
similar form are similarly designated. 

It is usually assumed, in explanation of such records both experimental and 
clinical, that a single focus somewhere in the A-V node has become the pacemaker 
and that impulses from it pass both to the auricle and to the ventricle. It is com- 
monly held that different areas of the node may become such new centers of impulse 
formation, but orthodox opinion usually limits this to a single focus at a given 
moment and confines that center to the A-V_ node. 

Geraudel has presented certain conceptions of impulse formation and transmis- 
sion within the auricle, however, to which consideration must be given in any at- 
tempt to explain the mechanism of socalled A-V rhythm. He holds that there are 
several auricular centers which, developmentally considered, are natural areas of 
impulse formation; such areas not being embraced within the anatomical confines 
of the A-V node. Such a conception offers ready explanation of certain phenomena 
associated with A-V rhythm which are difficult to explain on the assumption that 
the node itself is the precise area of impulse formation. It explains also the different 
and varying shapes of the P-waves exhibited in experimental and clinical cases of 
A-V_ rhythm. 

While it is agreed that suppression of the normal pacemaker produces 


‘fescape’’ 
from that area whose rhythmicity (or automaticity) is next in degree to that of 
the sinus, there is much evidence that this new pacemaker need not necessarily be 
within the A-V node, but that it may be at any one of several areas. Further sup- 
pression may dislocate the pacemaker to still another area. In the case of supra- 
ventricular extrasystoles it is indeed difficult in many instances to know whether 
the abnormal P-waves recorded in the electrocardiogram represent ‘‘nodal’’ or 


‘‘auricular’’ extrasystoles and the difference between the two is growing less 


distinet. 


The conception of A-V nodal rhythm which appears best to aecord 
with experimental data is as follows: Under circumstances which de- 
press impulse formation at the normal (sinus) area, another supra- 
ventricular area of impulse formation escapes. Further depression may 
suppress the second area and uncover another. That supraventricular 
area, in any case, whose automaticity at the moment is highest, becomes 
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the pacemaker. Rhythmic impulses originating in this pacemaker pass 
both toward the auricle and toward the ventricle. If conduction is un- 
impaired, both chambers respond to each rhythmie impulse, Other 
supraventricular areas of impulse formation then begin to build up 
impulses but are discharged before the completion of their rhythmie 
periods; the whole auricle as well as the ventricle responding to im- 
pulses from the dominant area. The location of this dominant area need 
not necessarily be within the A-V node in every case, the conception 
that it is so located having been based more upon assumption than upon 
experimental evidence. In many instances the new pacemaker appears 
‘nodal.’’ We employ the term atrio- 


to be ‘‘auricular’’ rather than 
ventricular rhythm with this conception, one somewhat broader, per- 
haps, than that usually implied by the term. 

We have applied the theories of parasystole and of reciprocal rhythm 
to ten cases of atrioventricular rhythm of the particular type under 
discussion. The data in these cases collectively and in detail appear to 
elucidate the problem of mechanism. Study of them as a group reveals 
much evidence of intimate relationship between <A-V_ rhythm, 
parasystole, and so-called reciprocal rhythm. The three rhythms appear 
to depend upon the same fundamental factors, the exact mechanism in 
different instances being determined by incidental differences in retro- 
erade conduction from the dominant area. Just as a certain modifica- 
tion of retrograde conduction changes simple A-V rhythm into para- 
systole, so a different modification of retrograde conduction may pro- 
duce that mechanism which has been called reciprocal rhythm. This 
conception will be elaborated after presentation of certain records by 
which it is strongly indicated. The cases not reported in this paper 
support the conception outlined above and might well be presented 
except for lack of space. 


REPORT OF CASES AND DESCRIPTION OF ELECTROCARDIOGRAMS 

CasE 1—A white man of twenty-nine years was admitted to the Barnes Hos- 
pital, October 17, 1926, complaining of defective vision and headaches. There 
had been head trauma two months before admission. The past history was nega- 
tive with regard to his heart. At examination it was noted that the area of 
cardiac dullness was slightly enlarged and that there was a systolic murmur at 
the apex, heard also over the precordium. The heart beats occurred in pairs. On 
October 25, 1926, a large endothelioma was removed from the left temporal region. 
During the operation his heart beat regularly. The patient made an uneventful 
recovery, 

Electrocardiograms were made on October 18, 19, 21, during operation on Octo- 
ber 25, and on November 6, 1926. Upon two of these occasions records were made 
following the intravenous administration of atropine sulphate in doses of 1/50 of a 
grain and 1/25 of a grain respectively. 

The records are of four types. Specimens of each are shown in Figs. 1 and 2. 
In Fig. 1 we have indicated our conception of the mechanism by the drawings 
below the eleetroecardiograms. The record shown in the upper left-hand part of 


Fig. 1 was made during operation. The mechanism is normal and the area of 


‘ JO UlIBIS | 


98 OL 


961 


JOURNAL 


HE 


RICAN 


< 


THE 


596 
Bea 


597 


2 BIGEMINY 


NTRICULAI 


“ 


VE 


JENSEN : 


AND 


N 


LUTE 


avd UL SOABM-q | 


‘9Z6L ‘LZ ‘TT UL SNONUPUOD St SIUL 


JUBLIIGL O 


au} 


jo us 
3 jo s 


ay} UL SOABM-d (93181) 
aye 


3 
3 


598 THE AMERICAN HEART JOURNAL 


impulse formation presumably is the sinus region. The electrocardiogram in the 
upper right-hand part of Fig. 1 is a record of the same type as the admission 
record. It shows ventricular complexes occurring in pairs, the first unaccompanied 
by an auricular wave but the second preceded by one at a constant interval. This 
P-wave is upright but its shape is different from that in the electrocardiogram 
made during operation in which the sinus P-wave appears to be depicted. 

Effect of Atropine.—The last strip of Fig. 1 was recorded two and one-half 
minutes after 1/50 of a grain of atropine. Several P-waves with shapes different 
from that in the control and with short P-R intervals appear. Fig. 2 is a eon- 
tinuous record beginning 30 seconds after the administration of 1/25 grain of 
atropine. In the first part P-waves of two types are recorded. Those which pre- 
dominate are similar to the ones recorded after the smaller dose of atropine. The 
others, which are larger, during the early effect of atropine occur only at rather 
long intervals, but under complete atropine effect they constitute the only type 
recorded. During the last 30 minutes of the atropine experiment they occurred 
regularly, and at a rate of 85 per minute. They are similar to the P-wave in the 
record made at operation and appear to represent activity originating at the normal 
pacemaker, while the smaller P-waves represent secondary pacemakers. 

We interpret the second strip in Fig. 1 as follows: It records an 
independent ventricular rhythm with retrograde block between the 
ventricular* pacemaker and the auricle. The degree of vagus stimu- 
lation responsible for this mechanism was sufficient to suppress the 
normal pacemaker. The auricle, therefore, receiving stimuli neither 
from the ventricular pacemaker nor from the sinus area, escaped at 
a secondary center. Impulses from this secondary area were con- 
ducted to the ventricle, exciting it to contraction. This constitutes true 
parasystole, the ventricle being activated by impulses both from the 
ventricular and from the secondary pacemakers. 

The effect of small amounts of atropine was enough to uncover other 
secondary centers of impulse formation, but the full effect was required 
to uncover the sinus pacemaker. Atropine not only lessened vagus tone 
at the sinus area, but it accelerated the ventricular pacemaker as well, 
so that under its effect the rate of the ventricle still was faster than 
that of the auricle. Although at operation the sinus pacemaker domi- 
nated the rhythm, under 1/25 of a grain of atropine parasystole still 
obtained, the ventricular responses to impulses from the auricular cen- 
ter showing aberrant complexes. It will be noted that the pause fol- 
lowing the aberrant ventricular complex is somewhat shortened. The 
explanation of this short interval has been given by Scherf and Shook- 
hoff. They explain it as due to impairment of conductivity in the lower 
tissues resulting from the premature passage of the auricular impulse. 
This impulse is transmitted before the tissues have had sufficient rest 


and because of the accompanying conduction defect the P-R interval 


*In the following pages the center of impulse formation from which the ventricle 
is activated will be referred to as the “ventricular pacemaker,’ that which activates 
the auricle as the “auricular pacemaker.” By such designations we do not imply 
that these natural areas of impulse formation are located in the chambers ac- 
tivated by them. 

The term “retrograde” as applied to the conduction of impulses will be used to 
mean conduction in a direction other than toward the ventricle. tetrograde con- 
duction, therefore, is necessary in order for an impulse from the ventricular center 
to reach any secondary (and slower) center of impulse formation. 
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associated with the premature beat is prolonged. The aberrant complex, 
therefore, is set further to the right than it would be if conduction 
were at a normal rate, the following interval thus being encroached 
upon.” 

This incomplete recovery accounts also for the slight difference in 
shape shown by the T-waves of the ventricular complexes which follow 
the aberrant beat. 

The fact that the auricular waves occur rhythmically and that this 
rhythm is undisturbed even in connection with the premature beat 
argues in favor of an independent auricular pacemaker. Inspection 
of this record alone, however, could hardly lead to a conclusion in the 
matter. But study of the case as a whole presents evidence which ap- 
pears to admit of no other interpretation. The pairing of the ventricu- 
lar beats recorded in the admission record (upper right of Fig. 1) 
could hardly be explained on the basis of so-called reciprocal rhythm. 
Such an assumption would meet difficulty in the long R-P intervals. 
The conclusion that the auricle is activated from a center or from sev- 
eral centers which are independent of the ventricular pacemaker is 
supported also by the variations in the shape of the P-waves which 
appear not only in different records but also in different parts of the 
same record. These variations would be hard to explain on the basis 
of difference in retrograde conductivity from a single pacemaker com- 
mon to both ventricle and auricle. 

Summary of Case I.-—A ease in which sinus depression resulted in 
escape at a secondary center. Impulses from this secondary center 
activated the ventricle but were not conducted to the auricle. The lo- 
cation of the pacemaker for the auricle varied, changing with vagus 
(and sympathetic) tone under such circumstances as a cerebral opera- 
tion and the administration of atropine. Impulses from these various 
auricular centers, conducted to the ventricle, produced ventricular con- 
tractions when favorably timed, the response of the ventricle to such 
auricular areas as well as to the rhythmic ventricular center constituting 
parasystole. 

CASE 2.—A colored man, aged sixty years, came to the Washington University 
Dispensary, February 2, 1928, complaining of increasing dyspnea, edema of the 
ankles and paroxysms of nocturnal dyspnea. Examination revealed emphysema, 
tortuous and sclerosed radial arteries, faint heart sounds and gallop rhythm. The 
rate was 80 per minute. There was no arrhythmia. .'The outline of cardiac dullness 
was ill-defined but it appeared to be somewhat increased to the left. The Wasser- 
mann reaction was negative. The blood pressure was 160/70. He had been taking 
digitalis, but the exact amount was not recorded. The tincture was then ordered, 
15 drops three times a day. There was at first some general clinical improvement 
but this was followed by an increase in the number of attacks of nocturnal dyspnea. 
He returned to the dispensary at intervals until June 14, 1928, there being no 
notable clinical change during this period. 


. , *In some cases conduction has not fully recovered by the time of the next R-R 
interval and this also is slightly abbreviated. 
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Electrocardiograms were made upon five occasions. In the first two (February 
2 and April 26) no arrhythmia is recorded, the P-waves are of normal shape end 
each is followed by a ventricular complex at a normal interval (0.17 of a second). 
In later records, parts of which are reproduced, the P-waves are of different shape 
and the normal P-R relationship does not obtain. The top strip of Fig. 3 is a record 
(June 9) in Lead III with pressure over the right carotid. It appears to show 
complete or almost complete dissociation between auricie and ventricle, the rate of 
neither having been affected by carotid pressure. Pressure over the left carotid, 
recorded in the second strip, caused a slowing of the ventricle but had little effect 
on the rate of the auricle. It will be observed that the rate of the ventricle (before 
carotid pressure) is 70-78, while that of the auricle is only 58-60. It will be noted 
further that the P-waves are inverted not only in Lead IIT but also in Lead II 
(third and fourth strips). 

The first and second strips of Fig. 4 constitute a continuous record in Lead TI 
made June 14. They are a part of a long record which shows a variation in 
ventricular rate from 62 to 71 and a variation in auricular rate from 58 to 65. At 
the beginning of the top strip the ventricular rate is 64 and no P-waves are ¢learly 
visible. P-waves soon appear, however, as notches on the right of the R-waves; 
and near the end of the top strip a definite T-P interval has developed, showing 
clearly defined P-waves with a rate of about 60. In the second strip this T-P 
interval increases progressively until the P-wave is lost in the succeeding R com- 
plex after which it emerges to the right of the second R-wave; all this without 
conspicuous arrhythmia either of the R- or of the P-waves. The ventricular rate in 
the second strip is about 62. 


The A-V dissociation with the rate of the ventricle higher than 
that of the auricle, the regularity of the auricle with change in 
ventricular rate, and the abnormal shape of the auricular complexes 
appear to necessitate the following interpretation of the first and second 
strips of Fig. 3: Depression of the normal pacemaker with ventricular 
escape; retrograde block from the ventricular pacemaker, resulting in 
auricular escape at a secondary center; downward block from this 
secondary auricular pacemaker protecting the ventricular center from 
its impulses. This two-way block produces complete A-V dissociation. 

It should be noted that this case presents two features in which it 
differs from the usual case of A-V block; the ventricular rate is relatively 
high and the P-waves are inverted. The first of these features is ex- 
plained by the mechanism of origin. Socalled A-V rhythm owes its in- 
ception to just such an abnormal relationship between the rate of the 
normal pacemaker and that of a secondary center. The second feature 
which differentiates this case from simple A-V block, i.e., the inverted 
P-waves, depends upon two factors. One of these also is inherent in 
its origin; the sinus area regularly is depressed in cases of this sort. 
The second is the distinguishing feature: the conduction of impulses 
backward from the ventricular center is blocked. Under such cireum- 
stances sinus depression leads to auricular escape at a secondary center. 

Upon occasion one center may activate both chambers. It appears 
that the temporary improvement of conduction responsible for this 
phenomenon is always an improvement from auricle to ventricle, never 
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in the reverse direction. Removal of downward block at certain in- 
tervals is shown in the third and fourth strips of Fig. 3. These two 
strips are a continuous record in Lead II. In them a certain sequence 
is recorded again and again without variation; a P-wave stands about 
midway between two R-waves; in the next cycle it stands to the left of 
the R-wave; in the third cycle it is lost; in the fourth it modifies the 
T-wave, and in the fifth it appears again in the same position as at first. 
In a long record this sequence is unvarying and the conclusion is in- 
eseapable that the auricular and ventricular complexes in some way 
are related. The nature of this relationship is explained by further 
study of the record. It will be observed that the R-R interval associated 
with the long P-R interval frequently is short.* Slight variations in 
rate are common both to the auricle and to the ventricle. If these 
short R-R intervals should be found to oceur with synchronous changes 
in auricular rate, either might be thought to depend upon the other, 
or both might depend upon a common factor. But they are not so 
associated. Irrespective of the attendant auricular rate, the inter- 
ventricular interval under consideration never is long: either it is 
short, or its length is not affected. This short interventricular interval 
is related, therefore, not to auricular rate, but to that particular 
auricular complex whose position in relation to it is constant. Every 
fifth auricular complex has this relationship and the conclusion follows 
that every fifth auricular impulse produces a ventricular contraction. 
These ventricular responses to auricular stimuli occur, however, only a 
little before the completion of the rhythmie ventricular periods, pro- 
ducing only slight shortening of the associated interventricular intervals. 
This results from the fact that the conduction defect is of considerable 
extent. 

Instead of this relief of downward block occurring rhythmically as 
in Fig. 3, occasionally it occurs only in isolated instances. In the first 
strip of Fig. 3 the sixth interventricular interval appears to be an ex- 
ample. It is a little shorter than the others and in it a P-wave is situ- 
ated in about the same relative position as the P-waves in the last strip 
that are associated with conducted auricular impulses. Another in- 
stance which gives better evidence of the occasional downward condue- 
tion of auricular impulses is shown in the bottom strip of Fig. 4. The 
fourth from the last interventricular interval is short. The associated 
interauricular interval also is short, and the shape of the P-wave which 
closes it differs slightly from that of the preceding P-waves. It is 
probable that this P-wave represents auricular response to an impulse 
originating at an area different from that which had been activating 
the auricle, and that this impulse also reached the ventricle. 

Attention has been called to the facet that slight variations in rate 


*This is well shown in the tenth R-R interval of the third strip, resulting there 
in a definite, though not conspicuous, ventricular bigeminy. 
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occur at both the auricular and the ventricular pacemakers. In por- 
tions of some of the records in which the interpretation is equivocal 
it is probable that the uncertainty is due to a changed relationship be- 
tween the rates of the two pacemakers rather than to a change in 
mechanism. Fig. 4 is a case in point. 

The second part of this record (middle strip of Fig. 4) would appear 
to admit of only one interpretation, viz., independent auricular and 
ventricular pacemakers with rates almost identical, but with the rate 
of the ventricular center a little faster than the other. In the first 
strip, however, the alternative explanation of a single pacemaker for 
both auricle and ventricle must be considered. If the first part were 
studied alone, the temporary absence of visible P-waves and the nearly 
identical rates of auricle and ventricle might favor that interpretation. 
It is conceivable that temporary improvement in conduction might have 
allowed one pacemaker for a short time to activate both chambers. But 
study of the whole record (as well as other records in the case) suggests 
change in rate rather than change in conduction as the correct explana- 
tion of the difference between the two parts of the record, and indi- 
cates that the beginning as well as the following parts of the record 
in Fig. 4+ represents separate auricular and ventricular pacemakers. 
The rates of the two pacemakers are not far apart to begin with and 
only a slight change of either would be required to make them nearly 
identical. In Fig. 4 the difference between the rates of the auricle and 
the ventricle is not as conspicuous as it is in Fig. 3. It is on this ae- 
count that the interpretation of mechanism is less readily apparent in 
Fig. 4. 

Summary of Case 2.—A ease of sinus depression with ventricular 
rhythm, impulses from the ventricular center failing to reach the auricle. 
The depression of the normal pacemaker is of such extent that auricular 
escape occurs at a secondary area. Not only is retrograde conduction 
from the ventricular center depressed but there is also such impairment 
of downward conduction from the secondary auricular area that its 
impulses rarely reach the ventricular center. The result is almost com- 
plete dissociation between the secondary auricular and the ventricular 
centers, the ventricle being activated only rarely by impulses from the 
auricular center. 


CASE 3.—A colored woman, forty-two years of age, was admitted to the Barnes 


Hospital, December 15, 1926, complaining of dyspnea and cough. Nine years 
previously she had had some sort of acute arthritis. The dyspnea was of several 


years’ duration and for a few months she had been incapacitated. She had been 
taking 60 drops of tincture of digitalis daily for ten weeks before admission. 
Examination revealed generalized edema, an enlarged liver, and diminished breath 
sounds over the right base of the chest. The heart was conspicuously enlarged to 
the left and both a systolic and a diastolic murmur were heard over the precordium. 
Extrasystoles were noted. The systolic blood pressure was 125, the diastolic, 55 mm. 


The Wassermann reaction was positive. Following a short period of improvement 
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she became worse and after a variable course she died March 3, 1927. Postmortem 
examination revealed a thrombus adherent to the wall of the right auricle, hyper- 
trophy and dilatation of the heart and syphilitic disease of the aorta and of the 
aortic valves. 

Electrocardiograms were made upon five .oecasions. The one made upon ad- 
mission (Fig. 5, upper left part) shows no abnormal rhythm, but later records 
show the independent ventricular rhythm, inverted P-waves and premature ventrieu- 
lar complexes characteristically situated (see middle strip of Fig. 5), features 
which put them in the category under discussion. 

From the evidence presented in Cases 1 and 2 and which will be 
elaborated below, this case appears to be an instance of parasystole 
involving ventricular and secondary auricular pacemakers. It is pre- 
sented because of two additional features not shown in the other eases. 
One appears to have no bearing upon the general problem of mechanism 
but offers important evidence upon a related question. It consists in a 
certain modification of ventricular rhythm as follows: In some of the 
places where the premature beat regularly occurs none is recorded, but 
the location of the following ventricular complex is exactly what it 
would have been had the premature beat occurred. (See bottom strip of 
Fig. 5.) Comment upon this modification of ventricular rhythm will 
be reserved for a subsequent footnote. 

The other special feature of this case, however, furnishes evidence of 
great importance to the problem with which this paper deals. It re- 
lates to the auricular rhythm. The basic rhythm of the auricle in this, 
as in other eases, shows slight variations. The interauricular intervals 
vary between 0.92 of a second and 0.96 of a second (middle strip of 
Fig. 5). Upon oceasion, however, that interval which precedes the 
break in ventricular rhythm is shortened, an interval of 0.88 of a second 
being recorded in three instances. Upon other occasions slight shorten- 
ine of this interval is suggested, but in view of the arrhythmia through- 


out the record, no such special feature in these other instances can be 
demonstrated. 

The P-waves which close these short intervals and whose early oe- 
currence is responsible for the abbreviation, have a characteristic posi- 
tion. They oceur at about 0.20-0.22 of a second after the beginning of 
the preceding R-wave. P-waves which occur earlier with reference to 
R-waves never are premature. In other words, whenever the rhythmic 
occurrence of an auricular complex would place it nearer to the R-wave 
than 0.20 of a second, it falls at its rhythmic interval. But if the com- 
pletion of its rhythmic interval would cause it to fall at a time after 
R greater than 0.22 of a second, it occurs prematurely. In occurring 
prematurely, moreover, it is never closer to R than 0.20 of a second. 
This invariable relationship to the preceding ventricular beat can hardly 
be fortuitous. The simplest explanation, and indeed the only one that 
appears to us at all probable, is that the impulse from the ventricular 
center discharges the auricular pacemaker if it arrives at the time when 
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the auricular stimulus is about to be spontaneously discharged. That 
it does not thus affect the auricular center in the cases of those P-waves 
which are inscribed earlier with reference to R and 0.20 of a second 
indicates that the conduction of the impulse backward from the ven- 
tricular pacemaker is impaired.* 

When the auricular pacemaker is discharged prematurely one would expect the 
length of the following P-P interval to be unaffected. In certain instances such 
is the ease (e.g., at the beginning of the bottom strip of Fig. 5. See also upper 
right-hand strip at top of Fig. 5). Upon other occasions, however, it is somewhat 
prolonged and this lengthened period requires explanation. In such instances it is 
possible that the early occurrence of the auricular beat is due to the elaboration of 
a stimulus at a secondary center of impulse formation, a phenomenon recorded in 
some of our other cases. What appears to be probable, however, is that such a 
secondary center located near the dominant auricular pacemaker has been discharged 
by the impulse from the ventricular pacemaker. This explanation is supported by 
the fact that even in such instances the position of premature P-waves with ref- 
erence to the preceding R-wave is the same as upon other occasions. 

The impulse which is prematurely discharged produces an auricular 
contraction and passes toward the ventricle just as do other impulses 
from the auricular pacemaker. Unless its passage is interfered with 
it elicits a ventricular contraction. As in the case of the rhythmic im- 
pulses, whether or not it does so depends upon the time relationship of 
its occurrence to events below it. If it finds the lower tissues responsive 
a premature ventricular beat oceurs. 

The premature auricular impulse which is shown above the broken diagonal line 
near the middle of the diagram accompanying the lowest strip in Fig. 5 does not 
elicit a ventricular response. But although the ventricle fails to beat in response 
to this auricular impulse, the next beat of the ventricle takes place not after the 
rhythmic interventricular interval but at that time when it would have occurred 
had a ventricular contraction followed the auricular impulse. The ventricular pace- 
maker appears to have been discharged without effecting a contraction of the 
ventricle.t The same phenomenon is recorded regularly in the right-hand part of 


the top strip of Fig. 5. 
Our explanation of the oeceasional short P-P interval as due to in- 
complete retrograde block from the ventricular center cannot be proved. 


_ *This paper is not primarily concerned with theories of block. Whether impulses 
from the ventricular pacemaker fail to excite the auricular center on these other 
occasions because they do not reach it, or because upon arrival they find it less 
responsive, we do not attempt to say. 

tMuch has been written regarding the site of delay and of block in cases which 
exhibit a prolonged P-R time or a failure of ventricular response to an auricular 
impulse. The evidence in our records just referred to supports the contention of 
Scherf and Shookhoff that the block is in the tissues of the A-V bundle below the 
A-V node. Or rather in our case it is below the ventricular center of impulse for- 
mation. This deduction follows from inspection of the record. Attention has been 
directed to the fact that the interventricular interval following the premature ventricu- 


lar beat is not prolonged. This results from the discharge of the ventricular 
pacemaker by the passage through it of the auricular impulse. After its discharge the 
Ventricular center elaborates another impulse at its regular interval. Upon this 


all authors are in agreement. The records in Fig. 5 indicate, however, that although 
the ventricular center was discharged by the auricular impulse, no ventricular response 
was € licited. The sequence of events in this part of the curve is exactly the same 
as it is in analogous parts except that the QRS complex is missing. If 
the auricular impulse discharged the ventricular center, therefore, and yet did not 
excite the ventricle, the failure of ventricular response was due to incomplete re- 
covery of tissues below the center. While this feature of the case has no direct 
bearing upon the question at issue in this paper, it is, so far as we are aware, a 
unique record and because of its apparent bearing upon the problem of block it 
is reproduced. 
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Those who have interpreted such records on the basis of reciprocal 
rhythm explain not only the premature auricular impulse, but all others 
as well, as originating in the ventricular center. This record alone 
cannot disprove such a theory. Both the theory of a single pacemaker 
and that of dual pacemakers assume a conduction defect from the ven- 
tricular pacemaker to the auricle. As applied to this record, however, 
the conception of a single pacemaker necessitates the assumption of a 
sort of haphazard change in conductivity in order to explain the 
auricular arrhythmia. The theory of dual pacemakers explains the 
auricular arrhythmia as due to the mathematical relationship between 
the time of arrival of the (retarded) impulse and the rhythmie period 
of the auricular pacemaker. The agreement of this explanation with 
recognized physiological principles and the general similarity of the 
records in this case to those in other cases in which two pacemakers 
appear to be demonstrated will be presented as evidence favoring the 
conception that these cases of so-called reciprocal rhythm are but modi- 
fied forms of parasystole. 

Summary of Case 3—A ease of sinus depression with ventricular 
rhythm and impairment of retrograde conduction from the ventricular 
eenter. The guarding of the auricular pacemaker from the ventricular 
center was not quite complete, and occasionally the elaboration of an 
auricular impulse was hastened by the arrival of a stimulus from the 
ventricular pacemaker. The ventricle responded to auricular impulses 
unless prevented by refractory tissue, such responses together with those 
from the ventricular center constituting parasystole. 


GENERAL DISCUSSION 


The modification of simple atrioventricular rhythm which produces 
the mechanism shown in the eases of this group can be fully appre- 
ciated only in its relationship to the fundamental mechanism of un- 
complicated cases. Atrioventricular rhythm originates under condi- 
tions which depress the sinus area or which exalt another center of im- 
pulse formation; or under conditions which produce both effects. The 
result is that secondary centers of stimulus production are uncovered. 
That center whose automaticity is highest will dominate all others, in 
the manner described above, provided impulses from it are freely con- 
ducted to them. Impulses from the dominant area, under such cireum- 
stances, activate both the auricle and the ventricle. Such a ease, with 
no impairment of conductivity, falls into the category of simple atrio- 
ventricular rhythm. 

If there is a defect in retrograde conduction, however, a modification 
of this simple mechanism results. Impulses from the dominant area, in 
some cases, while freely conducted to the ventricle, are not conducted 
to the auricle. There is retrograde block. Under such circumstances 
the auricular center of impulse formation whose degree of automaticity 
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is next in order eseapes,* and impulses from if activate the auricle. Just 
which of the natural centers of impulse formation will become the pace- 
maker for the auricle in a given case depends upon cireumstances.** In 
one ease it may be the sinus area (Case 1) ; in other instances sinus de- 
pression may lead to escape at a lower center (Cases 2 and 3). The 
shape of the P-waves, therefore, will differ in electrocardiograms of 
different eases. In an individual case, moreover, changes in vagus tone 
may depress that area which has been dominant and uncover another. 
The shape of the P-waves, therefore, may vary in the same record 
(Case 1). The rate of such a secondary auricular center is necessarily 
slower than that of the ventricular center; for if it were not slower 
this auricular center itself would have assumed the réle of pacemaker 
and its impulses would dominate the ventricular rhythm. The blocking 
between the two centers in most instances, moreover, is only in the one 
direction, impulses from the secondary center being conducted to the 
dominant center and discharging it prematurely when not prevented by 
refractory tissue. Such eases fall into the category of parasystole. 

It will be observed that the difference between cases of A-V rhythm 
which exhibit parasystole and those which do not is a difference in the 
retrograde conduction of impulses from the ventricular pacemaker. In 
one class of eases impulses are readily conducted backward, in the other 
they are blocked. There may be intermediate stages of retrograde con- 
ductivity, however, corresponding to well-known differences in down- 
ward conductivity. In certain cases the impairment, while consider- 
able, is not complete (Case 3). There is partial retrograde block. In 
such a case the dominant auricular center will discharge its impulses 
rhythmically when it is undisturbed by impulses from the faster center. 
Under certain circumstances, however, it may be discharged prema- 
turely by the arrival of an impulse from the ventricular center. This 
occurs only when the ventricular impulse reaches the auricular center 
near the end of its automatic period.t The impulse from the auricular 
pacemaker, when prematurely discharged, spreads exactly as it does 
when automatically released, activating the auricle and, unless inter- 
fered with, the ventricle as well. In such cases the impairment of con- 
ductivity from the faster center to the slower, while sufficient to pre- 
vent the one from dominating the other completely and thus establish- 
ing simple A-V rhythm, is yet not great enough to allow the develop- 

*“Escape” from a natural center of impulse formation is a well recognized 
Phenomenon. It can occur from a center whose rate is below that of the dominant 
area only when the slower center is protected from the faster. It explains the 
origin of the ventricular impulses in cases of ordinary A-V block. In_such cases it 
is the ventricular center which is protected from a faster area. ‘The protecting 
block, moreover, is in the reverse direction, i.e., downward block. In complete heart- 
block (A-V dissociation) there is, of course, upward block as well. Otherwise the 
auricular pacemaker would occasionally be discharged by impulses from below and 
auricular parasystole would result. 

**Muscular lesions as well as vagus tone may be important factors. 

_ {The same phenomenon has been observed in certain cases of partial A-V block, 
dissociation being almost but not quite complete. Although an independent ventricu- 
lar rhythm may have been established, the ventricle occasionally may beat in ad- 


vance of its rhythmic period in response to such auricular impulses as arrive just 
before the automatic ventricular impulse has matured. 
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ment of pure parasystole. The resulting mechanism stands between 
these. It is a modified form of parasystole. It depends upon the dis- 
charge of impulses not from a single pacemaker but from two pace- 
makers. When bigeminal beating of the ventricle occurs in such in- 
stances, the second beat is in response to an impulse whose immediate 
origin is different in place but similar in character to that which ex- 
cites the first beat. 

It is the occurrence of premature ventricular beats associated with 
interauricular intervals thus abbreviated, in cases of atrioventricular 
rhythm, that has fortified the arguments of those who explain not only 
these but other instances of bigeminy in A-V rhythm as due to ‘‘recipro- 
eal rhythm.’’ The dependence of the second beat upon the first is in- 
dicated by the constant relationship between them and the conclusion 
that the first beat is ‘‘in some way’’ responsible for the second is a 
sound one. The further conclusion that the auricle is concerned in the 
causation of the second beat also is sound. But neither the deduction 
that the original impulse which causes the first beat again returns to 
the ventricle, nor the assumption that it is the stimulus of auricular 
systole, auricular contraction itself, which produces the second beat ap- 
pears to us to be warranted. Such conceptions imply either that the 
impulse causing the second beat is identical with that concerned with 
the first in point of origin or that it differs from it in character. Neither 
proposition appears to be supported by theoretical considerations, by 
experimental evidence or by clinical records. 

That an impulse enters the auricle by a certain path, proceeds in some 
unknown way, returns to its point of entry and then proceeds again 
over the same path of entry but in opposite direction . . . . all this 
should not be hypotheeated simply because under certain experimental 
conditions instances of circulating mechanism involving a known path 
have been observed. The hypotheses requisite for an explanation of the 
premature beat on the basis of parasystole, on the other hand, accord with 
recognized physiological concepts. Different degrees of conductivity 
backward as well as forward; separate areas of stimulus production; 
escape from one of these areas; the anticipation of a rhythmic beat by 
a stimulus from another center; none of these postulates is at variance 
with established conceptions of cardiac mechanism. Cases of parasystole, 
furthermore, are on record, in which the interpretation is unequivocal. 
Few, if any, of the cases reported as ‘‘reciprocal rhythm’’ appear to 
necessitate such a separate interpretation. 

A comparative study of the records in our eases strongly indicates 
that the mechanism in these instances in which short P-P intervals are 
associated with the premature ventricular beats is fundamentally the 
same as that which obtains in eases with no auricular arrhythmia. This 
conclusion is indicated both by the general similarity between the two 
kinds of records and by the fact that in a single record both phenomena 
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appear (Case 3). It would be difficult to harmonize the conception 
of a single pacemaker with regularity of auricular beats associated with 
ventricular bigeminy (Case 1; also certain records in Case 2). 

Case 2 is peculiarly important. The records indicate that, not only 
was there complete block from the ventricular to the auricular pace- 
maker (retrograde block), but that there was impairment of con- 
ductivity in the other direction as well. Not only was the auricular 
pacemaker guarded from the ventricular center but in addition the ventric- 
ular pacemaker was guarded from the auricular center. In most of the ree- 
ords there appears to be complete dissociation between the two pacemakers. 
Under certain circumstances, however, it appears that the downward 
block was not quite complete and that occasional impulses from the 
auricular pacemaker excited the ventricle to contraction. We do not 
see how the records in this case could be interpreted on the basis of a 
single pacemaker. It appears to be a case of A-V block (almost but not 
quite complete) in which the sinus area has been suppressed and another 
center has become the auricular pacemaker. Or rather, from the view- 
point presented above, it is a case of A-V rhythm in which there is inter- 
ference to the conduction of impulses from the ventricular pacemaker 
backward to the auricle, resulting in escape at a secondary center; and 
in which there is at the same time interference to the conduction of im- 
pulses from the auricular pacemaker downward to the ventricle. This 
impairment of downward conduction, if complete, would remove the 
case from the category of parasystole; for ventricular responses to im- 
pulses from the upper center would be impossible in that event, and 
parasystole could not develop. Such a case presenting evidence of two 
sub-sinus pacemakers discharging impulses simultaneously is of great 
importance to the question at issue. 

This conception of so-called atrioventricular rhythm as a mechanism 
which may involve a single pacemaker, or which may involve two pace- 
makers, the one more or less completely guarded from the other, or 
(rarely) both guarded from each other, appears to us to be necessitated 
by comparative study of the eases reported. The fundamental relation- 
ship, therefore, between cases of simple A-V rhythm, of so-called recipro- 
cal rhythm and of parasystole is at onee apparent; the precise mecha- 
nism in a given instance being determined by the degree of retrograde 
conductivity from the ventricular pacemaker. 


SUMMARY 
In atrioventricular rhythm the normal auricular pacemaker is in- 
hibited and there is uncovered a secondary center from which impulses 
activate the ventricle and, in uncompleted cases, the auricle as well. In 
certain cases, however, impulses from the secondary center are not con- 
ducted to the auricle. In such instances auricular escape oceurs, the 
auricular center of highest automaticity becoming the pacemaker for 


612 


Coeur. 


Mobitz, W.: 


1926, 


1921. 


the auricle. 
ject to the same influence that may affect other centers of impulse forma- 
tion. In some eases the retrograde blocking of impulses from the ven- 
tricular center is incomplete, and the auricular pacemaker is discharged 
prematurely by those impulses which reach it just before the completion 
of its automatic period. Impulses from this pacemaker pass not only to 
the auricle but also toward the ventricle and produce premature ven- 
tricular contractions when not interfered with by refractory tissue. 
Beating of 
lar pacemaker and from the auricular center in such cases constitutes 
parasystole. 

Ten cases were studied, three of which are reported in detail. Recipro- 
eal rhythm as an explanation of the records in these cases is considered 
but evidence against this interpretation is presented. It appears that 
eases of simple A-V rhythm, of so-called reciprocal rhythm, and of 
parasystole are fundamentally related; the precise mechanism in a given 
instance being determined by the state of retrograde conductivity from 
the ventricular pacemaker. 

These cases occur under circumstances associated with sinus depres- 
sion and lowered conductivity. Digitalis in some instances appears to 
be a contributory factor. 
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A STUDY OF GALLOP RHYTHM BY A COMBINATION OF 
PHONOCARDIOGRAPHIC AND ELECTROCARDIO- 
GRAPHIC METHODS* 


PIERRE DucHOSAL, M.D. 
GENEVA, SWITZERLAND 


HE application of phonocardiographie methods is destined to render 

useful service in the study of gallop rhythm. The first records pub- 
lished are not of much clinical interest. The tracings are lacking in pre- 
cision, and the minute details so useful for the interpretation of the 
sounds are not in evidence. No doubt these faults are to be attributed 
to the imperfections in the apparatus employed. 

A great advanee was made with the introduction of precise photo- 
eraphie methods. By the simultaneous application of sound waves with 
other ecardiae tracings, whether those of the radial or carotid pulse, or 
the electrocardiogram, a further advance was made. 

The simultaneous electrocardiogram enables us to draw most valuable 
conclusions because of the precision of its waves and by its immediate 
transmission. The second tracing is indispensable for the correct inter- 
pretation of the phonocardiograms. 

One has only to consult the researches of Lewis,’* Groedel,® ° 
Battaerd,? Bull,? R. H. Kahn,*' Weiss and Joachim,” Selenin and 
Vogelson,’® H. Mond and Oppenheimer’ and ourselves! in order to 
appreciate the advantages of these simultaneous tracings over the single 
phonocardiograms. 

In our study we have used a simple optic phonocardiograph with 
electric valves which we ourselves have constructed.® 

Our apparatus registers the phonogram on the same film as a string 
galvanometer record. The results and the conclusions which we publish 
here on gallop rhythm are drawn from tracings made according to this 
method. 

We must insist here upon the fact that gallop rhythm does not always 
have the same origin. We shall leave out of the discussion all varieties 
of gallop rhythm not of auricular origin and shall confine our attention 
to classical auricular gallop rhythm. 

Typical gallop rhythm is produced by the addition to the two normal 
sounds of a sound auricular in origin or more exactly auriculoven- 
tricular. This sound is considered as the result of the shock of the 
auricular blood wave on a hypotonic ventricle. Almost all authors agree 
to this explanation of the rhythm which we are about to discuss. Gallop 
rhythm as such is not of sudden origin. At the beginning it is often 
indistinet, and the term gallop rhythm cannot be correctly applied at 


: *From the Medical Clinics, University, Geneva. Directors Prof. M. Roch and 
-rof. G. Bickel. 
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this moment. Afterwards this indistinct gallop may disappear alto- 
gether or may develop into a real triple rhythm. We shall see that these 
modifications of the heart sounds which precede the appearance of gal- 
lop rhythm are due to auricular phenomena. 

For this reason we shall deal not only with well-developed cases of 
gallop rhythm but also with the indistinct forms referred to above. We 
shall extend our discussion to several cases of Stokes-Adams disease with 
their auricular sounds and to other still rarer affections where an auricu- 
lar sound is perceptible. 

Our group of tracings will thus deal with all added sounds (not mur- 
murs) of auricular origin including those which do not necessarily eon- 
stitute cases of gallop rhythm (23 cases of gallop rhythm in 33 obser- 
vations). 

The observations can be classified as follows: 


20 cases of hypertension, 
5) cases of hypotension, 


_ Fig. 1.—Phonogram and electrocardiogram taken simultaneously on a normal sub- 
ject. The first sound (Si) begins at the crest of the wave R. The second sound (Se) 
appears 0.03 sec. after the end of the wave T. Timing —= 1/50 sec. 

cases of Stokes-Adams disease, 

2 cases of extrasystolic arrhythmia, 

2 cases of mitral disease, 

1 case of congenital heart disease. 


In all the cases the auricular origin of the added sound is shown by 
the presence of the P-wave of the electrocardiogram. 

Before undertaking the study of pathological tracings a few remarks 
should be made upon the chronological relations of the phonogram and 
the electrocardiogram under normal conditions. A normal tracing is 
shown in Fig. 1. 

The first heart sound begins at the crest of the R-wave of the electro- 
cardiogram and never before it.* It ean, however, appear after the crest 


*Bridgman! and Groedel™ describe a “normal presystolic sound” which we also have 
found in some cases, but it is auricular in origin. 


SL SZ 
| 


DUCHOSAL: STUDY OF GALLOP RHYTHM 615 


of the R-wave in certain cases. ‘It is important to bear in mind this 
indication in reading the tracings of gallop rhythm which follow. Aceord- 
ingly no oscillation of the phonogram situated before the R-wave can 
belong to the first ventricular sound. We attribute the existence of such 
oscillations in all our observations to the effect of the auricular con- 
traction. 

GALLOP RHYTHM IN HYPERTENSION 

The observations which follow illustrate the three principal forms of 
gallop rhythm which one encounters. They correspond at the same time 
to three different degrees of gravity of the affection. We shall see fur- 
ther on that these forms are the most common. There are others how- 
ever, which do not fit exactly in this somewhat rough presentation. 

CasE 1.—Male sixty-four years old, arterial tension, 210/140 mm. of Hg. Albu- 
minuria; complaining for some weeks of dyspnea and tachycardia, with violent pains 
in the head. Blood urea, 68 mg. Auscultation of the heart reveals the first heart 
sound dull and prolonged in the mideardiace area. The second sound especially aecen- 
tuated. No murmur at the different areas. 
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Fig. 2.—Hypertension and albuminuria, slight decompensation. Phonocardiogram 
and EKG. Male, sixty-four years old. First sound prolonged in the midcardiac area 
by a short auricular sound (G) jointed to the first sound (Si). Second sound (Se) 
accentuated. Space P-G — 0.09 sec. Immediate and subsequent prognosis good. G dis- 
appeared after a short period with remarkable clinical amelioration. 


On considering the phonoecardiogram (Fig. 2) we notice that the first 
sound is longer than a normal heart sound. It lasts 0.15 see. instead of 
the normal 0.10 see. The electrocardiogram taken simultaneously fur- 
nishes the explanation. It is obvious in fact that two important oscilla- 
tions precede the R-wave. Their auricular origin cannot be questioned, 
when we consider the position and the presence of the preceding P-wave. 

The case under discussion is not exceptional. It is commonly met in 
eases of hypertension at the beginning of decompensation. The modifi- 
cation in the auscultatory signs is due to the addition of a slight auricu- 
lar sound intimately connected with the first ventricular sound. On 
account of this special chronology the addition of the sound does not 
give rise to gallop rhythm. It produces a presystolic prolongation of the 
first sound which should be considered as precursor of gallop rhythm. 

CasE 2.—Deals also with a case of Bright’s disease. Male, forty-nine years old. 


In this case, cardiac decompensation is more advanced than in the preceding one. 
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Effort tachycardia, dyspnea, edema of the feet at the end of the day, albuminuria. 
Blood urea 68 mg. Arterial tension 205/150 mm. Auscultation at the same time as 
the taking of the tracing reveals the presence of gallop rhythm produced by the 
addition to the two heart sounds of a third sound, dull, presystolic, badly defined, 
For this reason the two first sounds of the rhythm are not clear. 


Fig. 3 (Case 2) shows an important group of oscillations of the phono- 
eram before the R-wave of the EKG. This is explained by the auricular 
contraction P. The lack of distinetness in the rhythm is due to the 
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Fig. 3.—Hypertension and albuminuria. Notable decompensation. Male, forty-nine 
years old. Phonocardiogram and EKG. Indistinct gallop rhythm. Auricular presystolic 
sound (G) not distinctly separated from the first sound (Si). The second sound (Se) 
is weak. Space P-G — 0.07 sec. Fair clinical prognosis, conditions stationary during 
the previous six months. Gallop rhythm established during the last two years. 


or Sz 


Fig. 4.—Chronic nephritis, terminal cardiac decompensation. Female, forty-seven 
years old. Phonocardiogram and EKG. Gallop rhythm distinct on auscultation and 
palpation. Auricular sound (G) presystolic, well separated from the first heart sound 
(Si) (silence of 0.08 sec.). Second sound (Sz) accentuated. Space P-G — 0.03 sec. Clini- 
cal conditions very bad. The patient died three weeks after the taking of the tracing. 


shortness of the silence which separates the two first periods. This lack 
of distinetness is further accentuated by their dullness. 


Case 3.—Bright’s disease. Female, forty-seven years old, in a very advanced 
stage of decompensation. Obliged to remain in bed during the past months, with 
pronounced swelling of the legs. Permanent dyspnea and albuminuria. Blood urea 
30 mg. Auscultation reveals a distinet gallop rhythm accompanied by a presystolie 
shock which could be easily palpated. Arterial tension 210/150 mm. 
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The tracing (Fig. 4) reveals the existence of a presystolie sound sepa- 
rated from the first sound by a complete silence of 0.06 see. This is the 
classical gallop rhythm which can be perceived equally well by palpa- 
tion and by auscultation, and the significance of which for the prog- 
nosis is well known. The patient died shortly after the taking of the 
tracing. Post-mortem findings by Professor Askanazy revealed sclerosis 
and atrophy of the kidneys, considerable hypertrophy of the myocar- 
dium—ventricular and auricular—with dilatation of the heart cham- 
bers, as is usual in these cases. 

In decompensated hypertension the distinctness of the gallop rhythm 
does not always correspond in such a striking fashion with the gravity 
of the disease, as in the three cases cited. A certain proportion of such 
patients may possess a well-defined gallop rhythm for years before de- 
elining. Fig. 5 deals with an example of such cases: Female, seventy- 


Fig. 5.—Female, seventy-six years old. Hypertension, albuminuria, slight effort 
dyspnea. Arterial tension 180/130. Phonocardiogram and EKG. Well defined gallop 
in evidence by auscultation and palpation for the past two years. Auricular sound (G) 
short and loud, separated from the first heart sound by a silence of 0.14 sec. Extrasys- 
tole of septum origin followed by a compensatory pause after which gallop rhythm is 
absent. The space P-R of the EKG is increased (0.24), a_fact which contributes to 
the distinctness of G (in spite of the length of the space P-G = 0.14 sec.). Second 
sound is intense (Se). Clinical status gives no immediate cause for alarm. 
six years of age, with gallop rhythm during a period of two years, in 
whom the clinical conditions became no worse. 

(We shall diseuss later the different factors which influence the dis- 


tinctness of gallop rhythm.) 


GALLOP RHYTHM IN ARTERIAL HYPOTENSION 

Gallop rhythm in hypotension, the clinical picture of which has been 
so well defined by Dumas,® owes its origin in almost every case to the 
classical mechanism of the auriculoventricular shock. In its category, 
however, the third heart sound is more frequent than in hypertension 
and can give rise to triple rhythms which must not be confused with 
presystolic gallop. 

Gallop rhythm of hypotension occurs in primary affections of the 
myocardium, in hemorrhagie shock, in certain diseases such as leucemia 
and pernicious anemia, and finally in infectious diseases which affect the 
heart, such as typhoid fever. 

We have never had an opportunity to observe indistinet forms of this 
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gallop comparable with Case 1, previously cited. We do not doubt, how- 
ever, the existence of such. In the five cases which we have followed, the 
rhythm is always well defined and in general more distinct than that of 
hypertension gallop. The tracings of Fig. 6 relate to a patient forty- 
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Fig. 6.—Pernicious anemia. Male, forty-nine years old. Hb. 40 per cent, red blood 
cells 1,225,000. Arterial tension 90/60 mm. Four-time rhythm at the apex. Presys- 
tolic sound (G) intense and of high tone, clearly separated from the first sound (S)). 
Slight systolic inorganic murmur (Sm). Second sound Se, third sound Ss. Space P-R 
= 0.18 sec. Space P-G = 0.94 sec. Serious anemia of grave clinical import. Subse- 
quently cured by liver therapy. Disappearance of G and of Ss 
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Fig. 7.—Auriculoventricular block produced in a case of hypertension by compres- 


sion of the carotid (the same patient as in Fig. 3). Phonocardiogram and EKG 
(owing to its length the tracing is divided into two parts which should be read in 
succession). The isolated auricular systole (No. 2) gives rise to a double sound Gi 


and Ge. The auricular contraction No. 1 produces the sound G which is single, but its 
total length equals that of the two sounds Gi and Ge combined. At the end of the long 
diastolic pause the sound G is weakened and modified (No. 3). Space P-G No. 1 = 
0.06, No. 2 = 0.08, No. 3 0.085, No. 4 = 0.06 see. 

nine years old suffering from pernicious anemia. This patient had at 
the same time gallop rhythm and an exaggerated third heart sound 
(four-time rhythm of Laubry and Routier). It is useless to insist here 
on this third heart sound. We shall confine our attention prineipally to 
the distinctness and intensity of the added auricular sound. 


G Sz 53 G 52 83 
| 
G—, S42 Gr Gt | 
| vif 


DUCHOSAL: STUDY OF GALLOP RHYTHM 


BLOCK GALLOP IN-STOKES-ADAMS DISEASE 


In Stokes-Adams disease, auricular sounds are generally impercepti- 
ble, but in almost all cases these auricular sounds appear on the trae- 
ings. The tracings of Lewis, Groedel, Selenin and Vogelson support this 
statement. The tracing of Fig. 7 represents the heart-block brought 
about by the compression of the carotid in the case of hypertension as 
depicted in Fig. 3. Here the oscillations of phonocardiogram of the 
isolated auricular systole comprise two crests G; and Gs. In faet, in 
almost all cases the auricular sounds in heart-bloeck are doubled. We 
ourselves!’ have already published two cases where this doubling was 
even more striking. W. Reid,’® Groedel, Selenin and Vogelson have 
also recorded similar cases. As to why the auricular sound is double in 
heart-block and single in presystolie gallop, we cannot say. But the faet 
exists, and our tracing, Fig. 7, illustrates this point. 


Fig. 8. Fig. 9. 


Figs. 8 and 9.—Perforation of the interventricular septum. Absence of cardiac de- 
compensation. X-ray shadow of the heart increased in all its diameters. Fig. 8, to 
the left, is the record at the aortic area. G is the presystolic sound, S: is the first 
sound, Sm is the systolic murmur, and Se the second sound. Space P-R = 0.24 sec. 
Space P-G = 0.10. On the right, Fig. 9 is a record of events above the left collar bone. 
G represents the intense presystolic sound, Si the feebly transmitted first sound, Se the 
second sound. Space P-G = 0.07 sec. 

The wave P (No. 1) preceding the ventricular systole produces a 
single sound G, while the corresponding sound is doubled in the auricu- 
lar systole No. 2. It should be noticed that the total length of the 
double sound is the same as that of the single sound and that reduplica- 
tion is due simply to the attenuation of intervening oscillations. In one 
ease only of presystolic gallop have we observed a double presystolie 
G-wave. 

AURICULAR SOUNDS IN EXTRASYSTOLIC ARRHYTHMIA 

In the ease of two normal subjects exhibiting ventricular extrasystoles 
we have observed on the tracings acoustic waves corresponding to a P- 
wave coming after the ventricular extrasystole. The only interest at- 
tached to these cases is the consideration of the space P-G with which 
we shall deal later on. 
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GALLOP RHYTHM AND CONGENITAL DISEASE OF THE HEART 


This paragraph deals with an isolated case, that of a young girl 
twenty years old with a perforation of the ventricular septum, but show- 
ing no sign of cardiac decompensation. Auscultation revealed the pres- 
ence of the usual loud systolic murmur in such a e¢ardiae lesion. In 
addition, over the whole precardiae region one heard a loud presystolie 
sound well separated from the systolic sound with its maximum intensity 
in the aortic area. This sound was also perceptible with extraordinary 
intensity above the left collar bone. The added sound in this ease inter- 
ests us only from the point of view of auricular etiology, and it cannot 
be included in a clinical survey of gallop rhythm. Figs. 8 and 9 show 
the record of this presystolic sound in the aortic area and in the jugular 
region. Its auricular origin cannot be doubted in view of its relation- 
ships with the P-wave. It should be noticed that the space between 
P and G is 0.03 see. shorter in the jugular than in the aortic area. 


Fig. 10.—Hypertension, nephritis, uremia. Acquired syphilis at the age of twenty- 


four years. Male, forty-two years, Wassermann positive. Phonocardiogram mid- 
cardiac and EKG. Diastolic gallop rhythm. Space P-R = 0.30. Added protodiastolic 
sound G. Dull first heart sound Si, accentuated second sound Se. Space P-G = 0.04. 


Clinical conditions very serious. Patient died eight days after the taking of tracing. 
MITRAL STENOSIS AND GALLOP RHYTHM 


The anatomical nature of mitral stenosis seems to exclude the pro- 
duction of gallop rhythm. It is difficult to see how the auricular blood 
wave could give rise to a murmur and a sound at the same time. Several 
observations, however, among which we must mention the one recorded 
by Conner, seem to throw doubt on this idea. We ourselves have on two 
occasions observed an intense additional sound in mitral stenosis. The 
two eases were very different. In the one case the added sound was cer- 
tainly due to a third heart sound. In the other ease, the added sound 
was perceptible only in the tricuspid area, while at the apex there was a 
feeble presystolic murmur. In this latter case we are probably in the 
presence of gallop rhythm of right ventricular origin. This view is sup- 
ported by the enormous hypertrophy of the right ventricle. 

We cannot discuss with much detail the cases of diastolic gallop caused 
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by prolongation of the P-R interval, since we have only two tracings at 
our disposal. 

Fig. 10 is an example of diastolie gallop. The auricular sound G is 
nearer the second sound than the first on account of the prolongation of 
the conduction time and of the shortness of the space P-G which lasts 
only 0.04 see. 

The different tracings of gallop rhythm discussed hitherto present cer- 
tain differences. These differences concern principally the distinctness 
and the quality of the rhythm which in their turn depend on the in- 
tensity and the acoustic qualities of the additional auricular sound. At 
first sight no general clinical conclusion can be drawn from them. On 
the other hand the chronological study of the relationships of the wave 
P with the sound G seems to us to be of great importance in prognosis. 


DISTINCTNESS OF GALLOP RHYTHM 


The distinctness depends on the intensity of the added sound and the 
silent space which separates it from the first sound. This space itself is 
determined by several important factors: 

(a) The duration of the sound G. If the sound G is short, it is more 
likely to be separated from the first sound (ef. Fig. 5). 

(b) P-R interval. The prolongation of conduction time throws back 
into the diastole the sound G, which becomes quite distinct from the first 
sound, even though it be weak. 

(ec) P-G interval. As we shall see later on, this interval varies con- 
siderably. The longer it is, the nearer the sound G approaches the first 
sound, and the more indistinct it becomes. 

(d) R-S,; interval. In a few eases, the first heart sound begins several 
hundredths of a second after the R-wave, which fact separates it more 
clearly from sound G. Differences in the interval R-S; depend also on 
the area at which the registration is made. 

One should be cautious in drawing clinical conclusions from the dis- 
tinctness of the rhythm, since this depends upon different factors. In 
diastolic gallop rhythms, Gallavardin’ has already drawn attention to 
variations of the interval R-S; which are susceptible of modifying this 
rhythm. 

One ean, however, conclude that a gallop rhythm whose first two 
sounds are clearly separated, and where the P-R interval shows no pro- 
longation, is almost always of bad prognosis (ef. further P-G interval). 


INTENSITY OF ADDED SOUND G 


This varies with the auscultation areas and with the respiration phases 
in certain eases. In general, the gallop rhythm of hypotension is more 
intense than that of hypertension. 

In one ease of a patient with hypertension but whose clinical con- 
dition was not serious, the inhalation of amyl nitrite doubled the in- 
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tensity of the sound G, without notably increasing the heart rate. Ty 
the same case pressure exercised on the carotid caused the sound G to 
disappear almost entirely, while the heart rate dropped only from 
78 to 74. 

In two eases of auriculoventricular block the auricular sounds were 
more intense when they occurred at the end of diastole. While in the 
ease of the induced block of Fig. 7, the sound G is sensibly diminished 
at the end of the long diastolic pause. In another similar case after a 
block temporarily induced we noticed on the resumption of normal 
rhythm a considerable weakening of the sound G during a period cover- 
ing more than thirty systoles. 

Ventricular extrasystoles altering the regularity of the rhythm also 
change momentarily the intensity of the auricular sounds which follow 
the compensatory pause. In many eases the gallop disappears after an 
extrasystole, but in one ease it was reinforced. 

One cannot therefore draw any conclusion as to the prognosis from 
the intensity of the additional sound. 


TONE OF THE ADDED SOUND 

The tone differs according to the case. In hypertension it varies be- 
tween 25 and 50 double vibrations per second. In our five observations 
of hypotension it oscillates between 40 and 58. In this latter case there- 
fore, it is higher and this fact would explain the distinctness of gallop 
rhythm in the eases of hypotension. 

The G sounds of tone below 30 vibrations are difficult to perceive by 
auscultation, but they are often perceived on palpation. 


DURATION OF THE ADDED SOUND 
' This varies from 0.04 see. to 0.15 see. A long G sound is generally 
intense, but the contrary is also sometimes observed. The duration of 
the G sound is no indication of the seriousness of the case. 
We have not noticed any relationship between the form of G and that 
of P. 
P-G INTERVAL, OR TIME BETWEEN THE P-WAVE AND THE AURICULAR SOUND 


This time is measured from the middle of the P-wave to the beginning 
of the sound G. Figures taken on our tracings lead us to formulate two 
important laws. 

First law: The duration of the P-G interval is an index of the serious- 
ness of the affection. 

This law applies to all the cases of auricular sounds which we have 
presented here, independent of their variety, whether the nature of the 
gallop be presystolic or diastolic; whether it occur in eases of block, 
mitral stenosis, congenital affections, ete. The duration of the P-G in- 
terval varies from —0.02 to 0.14 see. according to the ease and is com- 
pletely independent of the intensity of the sound G. 
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The maximum variation of the P-G interval is 0.01 see. according to 
the area at which the tracing is made. Rhythmic troubles, such as ex- 
trasystoles, induced block, bradycardia or tachyeardia, never modify it 
by more than 0.02 see. 

Whenever the interval P-G is less than 0.05 see., prognosis is very bad. 
When it is greater than 0.05 see., cardiac decompensation is less accen- 
tuated and a longer survival is probable. The observations presented in 


Fig. 11.—Myocarditis with rapid evolution. Tracings recorded January 6. P-G interval 
0.05 see., arterial tension 105/70. EKG, low voltage in three leads. 
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Fig. 12.—The same Omen as in Fig. 11. Clinical condition much worse. Tracings 
made January 12. Gallop rhythm distinct as before. P-G interval = 0.00. 
this communication inelude one exception only to this law. To illus- 
trate our first law, we shall now give a brief summary of our cases: 
P-G interval less than 0.05 sec. Twelve very serious eases, in ten of 
which the patients died within two months, and two survived. Of the 
survivals one was a case of pernicious anemia treated and cured by liver 
extract, the other case was one of myocarditis whose condition improved. 
P-G interval greater than 0.05 sec. Twenty eases in which cardiac 
decompensation was not far advaneed and in which the elinical con- 
dition gave reason to hope for a reasonably long survival. In this group 
is included the single exception to which we have above referred-—one 
case of serious myocarditis. 
Second law: The P-G interval varies in proportion to the amelioration 
or the aggravation of the case during its evolution. 
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For example the condition of a patient with gallop rhythm whose P-G 
interval measures 0.06 see., might become worse and the interval P-G 
then becomes less, or on the other hand the condition of the patient 
might improve and the P-G interval then becomes greater than 0.06 see, 
In certain rare cases a patient whose clinical condition is very serious 
and whose P-G interval measures 0.03 see. might have a temporary im- 


provement on a suitable medical treatment, and in that case the interval 
P-G would inerease to 0.05 see. or more. 


Fig. 13.—Myocarditis. Male, forty-eight years old, alcoholic, Wassermann negative. 
Blood urea 0.06 per cent. Albuminuria 0.05 per cent. X-ray examination showed the 
heart sensibly increased in size especially the left ventricle. Tracing taken June 8, 
1931, during a serious attack of decompensation. Diastolic gallop rhythm. P-G in- 
terval 0.02 sec. decompensation. 


Fig. 14.—Same patient as in Fig. 13. Tracings taken July 13. Considerable clinical 
amelioration in progress. Gallop rhythm still distinct. P-G interval 0.05 sec. 


We shall cite two typical examples of the variations in the length of 
the P-G interval during the evolution of the disease. 


The first example is that of a man forty-four years old, with fibrosis of the myo- 
cardium, whose decline was extraordinarily rapid. Hardly four weeks elapsed be- 
tween the appearance of the first serious symptoms of cardiac decompensation and 
death. He had rheumatic fever at the age of fourteen, diphtheria at twenty-seven 
years, no history of syphilis. The first signs of cardiac deficiency appeared in No- 
vember, 1930. An attack of angina pectoris occurred at the end of December. He 
had an arterial tension of 170/90. In the beginning of January, 1931, he had aeute 
pain across the chest with intense dyspnea. Auscultation revealed a distinct gallop 
rhythm. The patient became worse and died January 16. Post-mortem findings by 
Prof. Askanazy showed the weight of the heart to be 620 gm. There were traces of 
a previous pericarditis; the valves were intact, and the muscle was much hyper- 
trophied. In the substance of the myocardium appeared large white patches of dif- 
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fuse myocarditis. The coronary arteries were patent, with slight sclerosis especially 
at their aortic origin. The four cavities were dilated. 

The phonogram tracings taken ten and four days before death are 
shown in Figs. 11 and 12 respectively. In six days the P-G interval de- 
ereased from 0.05 see. to 0. 

The other case deals with a man forty-eight years old, suffering from 
mvocarditis. On entering the hospital his cardiac symptoms were so 
serious that a fatal issue was supposed to be a question of hours. Diastolic 
gallop rhythm, easily palpated and clearly audible, was in evidence 
(Fig. 13). Arterial tension 165/150 mm. 

Under the influence of venesection, ouabian parenterally, and subse- 
quently the use of insulin and glucose, the patient gradually improved 
and after five weeks he could walk a little. It was at this time that the 
second tracing (Fig. 14) was taken. 

On the tracing taken June 8, the P-G interval is negative and meas- 
ures —0.02 see. The very early appearance of gallop in relationship to 
P explains the diastolic appreciation of this gallop, in spite of the fact 
that the P-R interval is only 0.19 see. in duration. The second tracing 
shows the gallop rhythm still distinct, but the P-G interval measures 
then 0.05 see. This figure, although still indicating reserve in prognosis, 
reflects the extraordinary amelioration which took place during five 


weeks. 


CONCLUSIONS AS TO THE MECHANISM OF GALLOP RHYTHM 


The auriculoventricular mechanism is confirmed by the phonograms. 
The origin of the added sound can no longer be doubted. The sound is 
perceptible only in the ventricular area and not in the auricular. Its 
origin is not therefore due to the muscular contraction of the auricles. 
It is generally admitted that the hypotonicity of the failing myocardium 
causes the ventricle to dilate suddenly and loudly under the influence 
of the auricular blood wave. 

How is one to interpret the variations of the P-G interval? This is 
not an easy question to answer. The two principal factors in the produc- 
tion of gallop rhythm are the auricular contraction on one hand and the 
ventricular hypotonicity on the other. It is reasonable to suppose that 
the modifications in the P-G interval are the result of variations in these 
two factors during the evolution of the disease. 

If the ventricular hypotonicity increases with the gravity of the ease, 
one might suppose that the auricular wave-shock would cause the ven- 
tricle to expand more easily and the G sound would be more quickly 
pereeived. 

On the other hand, it is possible that the volume of the aurieular con- 
traction is greater when cardiac decompensation is far advanced on 
account of venous stasis. If this possibility be borne in mind, the quick 
transmission of the auricular G sound ean be plausibly accounted for. 
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Against the argument based on the hypotonicity of the ventricle, one 
ean say that this latter should retard the transmission of the auricular 
blood wave, and ipso facto the sound. 

In our opinion more importance should be attached to the increased 
volume of the auricular blood-wave in advanced decompensation. We 
do not wish, however, to deny the importance of ventricular hypotonicity 
in the production of the sound; this fact is no longer questioned. 

Our conclusions upon this point are the following: 

Muscular hypotonicity of the ventricle is necessary for the production 
of gallop rhythm. This factor alone, however, is not sufficient to ex- 
plain all the phenomena of gallop rhythm as indicated in our tracings. 
Simple auscultation does not reveal these phenomena. From the study 
of our tracings we are of the opinion that the variations in the P-G in- 
terval arise from the variations in the force and volume of the auricular 
wave, while the hypotonicity regulates the production and the acoustic 
quality of the sound. 
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LOCALIZATION OF EXPERIMENTAL VENTRICULAR MYO. 
CARDIAL LESIONS BY THE ELECTROCARDIOGRAM 


J. Hamitton Crawrorp, M.D., Georce H. Roperts, M.D.. 
Davip I. ABRAMSON, M.D., AND JoHN C. CARDWELL, M.D.* 
BROOKLYN, N. Y. 


FFORTS to localize ventricular myocardial lesions by means of the 

electrocardiogram were given impetus by the observations of Her- 
rick! and later of Pardee? on the electrocardiographie changes follow- 
ing proven coronary thrombosis in man. Previously, Smith* had de- 
scribed characteristic alterations in the T-wave and R-T segment after 
ligation of branches of the coronary arteries in dogs. Parkinson and 
Bedford,* in an admirable paper, described and classified the forms of 
the R-T segment deviations and T-wave changes in myocardial infare- 
tion. They found that the R-T deviation was best seen in either Lead I 
or III, an R-T elevation in Lead I being associated with an S-T de- 
pression in Lead III, and vice versa. They classified all curves which 
possessed the former features (i. e., R-T elevation in Lead I and S-T de- 
pression in Lead III) as T, type, and those exhibiting the latter (i. e., 
R-T elevation in Lead III and S-T depression in Lead I) as Ts; type. 
They found that some of their tracings showed an R-T deviation in a 
single lead, either I or III, without significant changes in the other 
two, or in combined Leads I and II or II and ITI with no alteration of 
the remaining lead. However, they considered such findings sufficient 
to warrant the inclusion of these cases in the above classification. They 
also pointed out that when the R-T deviation was considerable the 
T-wave, strictly speaking, was not evident; such curves approximated 
to the monophasic rather than the diphasic type. Definite T-waves be- 
came apparent before the R-T segment completely returned to the iso- 
electric plane, in which case the direction of the apex of T was con- 
stantly opposed to the direction of deviation of the R-T segment. Park- 
inson and Bedford concluded that ‘‘all available evidence points to the 
fact that it is occlusion of the left coronary artery or its branches which 
produces characteristic T-wave changes,’’ and agreed with Smith® that 
the relation of the infarct to the apex was the important factor in de- 
termining modification of the electrocardiogram. 

Barnes and Whitten,°® observing the exact site of infarction at necropsy 
in a series of cases in which a coronary T-wave or alteration in the R-T 
interval had occurred, attempted to correlate the site of infaretion, the 
blood supply, as from the right or left coronary artery, and the R-T and 
T-wave deviations, as classified by Parkinson and Bedford. 

Recently, Barnes and Mann,‘ in a preliminary report, have stated 
that ligation of branches of the right and left coronary arteries in dogs 


. *From the Department of Physiology, Long Island College of Medicine, Brook- 
yn, NN. ¥. 
627 


628 THE AMERICAN HEART JOURNAL 


resulted in changes of the RS-T segment closely similar to those pro- 
duced by occlusion of the corresponding branches in man. 

In this investigation a study has been made of the R-T seement and 
T-wave alerations following the production of definitely localized myo- 
cardial lesions, the localization of which has been related to the electro- 
eardiographie classification of Parkinson and Bedford. 


METHOD 

An electric cautery was applied to the heart in order to produce a lesion simu- 
lating that of myocardial infarction. To facilitate the interpretation of results 
the ventricular wall was arbitrarily divided into the following eight regions: 
left apex anterior, left base anterior, left apex posterior, left base posterior, 
right apex anterior, right base anterior, right apex posterior and right base 
posterior. Thirty-four successful experiments were performed on cats under 
sodium amytal anesthesia (75 mg. for an adult cat injected intraperitoneally). 
Needle electrodes were placed under the skin and tied, the control electrocardio- 
gram being taken after this step. Artificial respiration was then established, 
the chest opened, and the whole heart exposed by slitting the pericardial sac. <A 
second tracing was recorded, the time noted and the cautery applied to one of 
the above regions until a burn of about % em. in diameter was produced. The 
depth of the burned area was extended as far as possible without penetrating 
the ventricular cavity. If this precaution were taken very little bleeding ensued. 
The time was noted and a third electrocardiogram recorded. If it showed no 
change from the normal, the boundaries of the cauterized area were slightly ex- 
tended. Thereafter, tracings were taken at frequent intervals, and at the comple- 
tion of the experiment the heart was removed, examined, and preserved in alcohol, 

RESULTS 

In analyzing the results, the classification of Parkinson and Bedford 
of T,; and Ts; types has been adopted as a basis. When individual cases 
do not conform, the differences are stated. One can either describe the 
electrocardiographic changes produced by a lesion in a particular area 
or note the areas from which curves of a definite type were obtained. 
The former method seems preferable, for by this means all the informa- 
tion given by the latter is included and variations from the basic type 
are more easily presented. <All curves which could be classified defi- 
nitely were of a monophasic type. In a majority of the experiments 
the electrocardiographic changes which followed cauterization were only 
transient and a return to normal ensued despite the continued existence 
of the lesion. The significance of this will be discussed later. In some 
instances there was present between the monophasic type of curve and 
the return to normal, a transitional stage in which a diphasie curve was 
seen, with the terminal deflection resembling the coronary T-wave. 

Left Apex Anterior (Figs. 1B, 2 A, 7.A)—Eight successful experi- 
ments were performed, in six of which typical T; curves were obtained. 


In two of these (Cats 3, 26) Lead IIL presented a low take-off of the 
R-T interval,* while in the other four (Cats 1, 13, 20, 30) it showed no 


*R-T interval will be used throughout for both the R-T and S-T interval. 
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TABLE I 
CLASSIFICATION OF ELECTROCARDIOGRAMS ACCORDING TO TYPES 


| 


CAT DEGREE OF | 
SITE OF LESION | NO. | TYPE CHANGE | REMARKS 
Left Apex Anterior | 7) 6, | definite 
3 | | | definite 
4 ? | R-T elevation in Leads I, II, 
| III of equal magnitude 
13 T; | definite | changes net marked 
20 T, definite 
26 T, definite 
27 T; definite 
30 definite 
Left Base Anterior S ? | R-T depression in Leads II 
and III 
| 10 T, definite 
| 22 T, slight 
| 94 ? | R-T depression in Leads 1] 
and II 
| 29 T; | definite | 
Left Apex Posterior | 6 | T, | definite 
22 definite 
| 31 | T; definite 
| 34 | i definite 
| definite 
Left Base Posterior | | | definite 
9 ‘zs | R-T elevation in the 3 leads 
| most marked in Lead ITI 
23 | Ts; definite 
33 1 definite | R-T elevation in the 3 leads 
most marked in Lead III 
35 Ts definite 
Right Apex Anterior 12 Ts | definite 
14 definite | changes not marked 
| 32 | Ts definite | changes not marked 
Right Base Anterior | 11 no change in any of the leads 
| 17 : 7 slight depression in Lead II 
| 39 | no change in any of the leads 
Right Apex Posterior| 16 i | definite 
36 definite | changes not marked 
40 definite 
Right Base Posterior 15 definite | changes not marked 
37 | TT, | slight 
38 | T; | definite 
| 


| 


*In this experiment, a lesion was produced first at the left apex anterior. When 
the changes induced had disappeared, the left apex posterior was cauterized. 
change from normal. In one instance (Cat 4) a monophasic curve of 
about equal magnitude was produced in the three leads. Cat 27 was an 
exception to all the other experiments performed at this site in that a 
typical T; tracing was obtained. A later record in this case showed a 
coronary T-wave. 

Left Base Anterior (Fig. 2 B).—Five suecessful experiments were 
performed, in two of which (Cats 10, 29) the curves obtained were 
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Fig. 1.—A. Normal. B. Lesion at left apex anterior. T: type. Marked R-T elevation 
in Lead I and depression in Lead III. Time 1/5 sec. 1 ecm. = 1 millivolt. 


Fig. 2.—A. Lesion at left apex anterior. Ti type. R-T elevation in Lead I and 
depression in Lead III. B. Lesion at left base anterior. Ti type. R-T elevation in 
Lead I and depression in Lead IIT. 
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I 
II 
III 
4 B 
Fig. 3.—A. Lesion at left apex posterior. Ts type. t-T elevation in Lead III and 


> 


no change in Lead I. B. Lesion at left base posterior. Ts type. R-T elevation in 
Lead III and no change in Lead I. 


_ Fig. 4.—A. Lesion at right apex anterior. Ts type. R-T elevation in Lead III and 
slight depression in Lead I. B. Lesion at right base anterior. Type undetermined, 
Slight R-T depression in Lead II. 
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markedly of the T; type, while in a third (Cat 21) there were similar 


but less pronouneed changes. In Lead III, Cat 29 showed no alteratio 

ion 

of the R-T segment, Cat 21 a slight depression and Cat 10 a slieht 

elevation which was almost negligible compared to that in the other 

leads. Cat 24 presented a slight depression of the R-T interval i; 

g 

Leads I and II, and no change in Lead III. In Cat 5 there was a de- 

pression in Leads II and III, while Lead I remained unchanged 
> 
(Fig. 6 B) 

Left Apex Posterior (Figs. 3 A, 7 B). 


* successful experiments 


(Cats 6, 22, 31, 34) were performed and in every instance a Ts type of 


‘Fig. 5.—A. Lesion at right apex posterior. Ts type. 2-T elevation in Lead III 
and no change in Lead I. B. Lesion at right base posterior. Ts type. R-T elevation 
in Lead III and no change in Lead I 
curve was obtained. No change from the normal was observed in Lead I 
in any of these. 

Left Base Posterior (Fig. 3 B)—Five successful experiments were 
performed, in three of which (Cats 7, 23, 35) typical T; curves resulted. 
Lead I in all of these remained unchanged. Cats 9 and 33 presented an 
elevation of the R-T interval in the three leads but most marked in 
Lead III (Fig. 6 A). 

Right Aper Anterior (Fig. 4.A).—Three successful experiments were 
performed. Cat 12 showed a well marked T; type with a slight depres- 
sion of the R-T interval in Lead I. The other two (Cats 14, 32) pre- 
sented T; types, but the changes produced were much less marked. 
Lead I in both of these was unaltered. 
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Fig. 6.—Curves presenting unusual characteristics. A. Lesion at left base 


base anterior. t-T depression in Leads II and III. 


recovery from A. T,, type. R-T elevation in Lead IIT and no change in Lead I. 
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terior. R-T elevation in all three leads, most marked in Lead III. B. Lesion at left 


Fig. 7.—A. Lesion at left apex anterior. T, type. R-T elevation in Lead I and no 
change in Lead III. B. Lesion produced at left apex posterior in the same heart after 


pos- 
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Right Base Anterior (Fig. 4 B).—Three successful experiments were 
performed (Cats 11, 17, 39) none of which showed any marked change 
in the curves, despite repeated cauterization. However, in one (Cat 17) 
a slight depression of the R-T interval was observed in Lead IT. 

Right Apex Posterior (Fig. 5.A)—Three successful experiments were 
performed, in all of which a T; type of curve resulted. Two (Cats 16, 
40) showed a marked change, while in the other (Cat 36) it was slight 
but definite. Lead I remained unchanged in two, while in one (Cat 40) 
it presented a marked depression of the R-T interval. 

Right Base Posterior (Fig. 5 B).—Three successful experiments were 
performed (Cats 15, 37, 38) in all of which a T; type of curve was pro- 
duced. Cat 37 showed a slight but definite depression of the R-T see- 
ment in Lead I. In none of the curves were the changes as great as 
had been obtained at the right apex posterior. 


DISCUSSION 

Previous investigators have employed various methods to produce in 
animals a condition simulating coronary occlusion with subsequent myo- 
cardial infarction in the human being. As early as 1862, Panum’® at- 
tempted to obstruct the coronary arteries by injecting a mixture of oil, 
wax, tallow and lampblack into the aorta, but his work is only of his- 
torical interest, since the results were inconclusive. Porter® and later 
Hamburger, Priest and Bettman’ injected suspensions of Lycopodium 
spores directly into individual coronary arteries. The latter group of 
investigators, who performed their work on dogs, stated that the sub- 
sequent lodgement of these emboli in capillaries and arterioles more 
nearly approximated the clinical finding of coronary thrombosis than 
the ligation of larger branches. 

A number of workers, Samuelson,'! Porter,® Miller and Matthews,’ 
Kahn,'* Otto,’* Smith,*:° Feil and his collaborators,’* Barnes and 
Mann‘ and others, have utilized ligation or clamping of coronary 
arteries to produce the desired lesion. Feil and his coworkers were 
careful to exclude the coronary vein from the ligature, which limited the 
ischemia to coronary artery occlusion, a precaution not taken by pre- 
vious investigators. Feil further increased the existing myocardial 
ischemia by occluding the inferior vena cava at various periods during 
the experiment. 

Several investigators have attempted to inject various chemicals into 
the myocardium of the ventricles in order to produce results similar to 
infarction. Eppinger and Rothberger'* injected a 5 per cent solution 
of mereurie chloride, but they soon discontinued it because of fear that 
the absorption of the poison would cause complications, and further- 
more, it was difficult to recognize the injected area after the heart was 
fixed in formalin. Later, they used a 20 per cent solution of silver ni- 
trate and found it served very well; the region affected was clearly seen 
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macroscopically and well outlined microscopically. Smith® employed 
mereuri¢e chloride and nitrie acid, but because he experienced difficulty 
in limiting the effects of these caustics to definite areas of cardiac mus- 
ele, the method was discontinued. The same criticism holds for the pro- 
cedure of Otto'® who injected 95 per cent alcohol into the myocardium. 

Heat and cold were applied to various parts of the heart by Eppinger 
and Rothberger'* and Smith.’ They sprayed ethyl chloride on the epi- 
cardial surface of the heart, Smith also applying small pledgets of cot- 
ton. some of which had been soaked in water of 120° F. and others in 
ice water. But the objection to these procedures is that only a fleeting 
effect was produced, and since subsequent histological examination re- 
vealed no marked change in the region which had been subjected to the 
heat or cold, it was likewise difficult to make any definite localization. 

The advantage of the method used in this work is that lesions similar 
in location and other respects can be reproduced in a series of experi- 
ments. This does not apply to the procedure of ligating coronary ves- 
sels, for the blood supply to the ventricles varies, with the result that 
tying off the corresponding vessel in different hearts will not necessarily 
cause infarction of precisely similar regions in each case. With the 
cauterization method there is no fear of constitutional effects as is pres- 
ent in the case of injection of caustics. The lesion produced is perma- 
nent and definitely demarcated from the surrounding tissue, in contra- 
distinction to that resulting from the application of heat and cold which 
is transitory and difficult to recognize either macroscopically or micro- 
scopically. 

Samojloff,’® in his interpretation of direct lead curves obtained after 
pinching or eutting the apex of the frog’s heart, inferred that the 
effect produced was a manifestation of the injury eurrent. In injured 
muscle, injured-uninjured lead-offs demonstrate a difference of poten- 
tial, the injured part being ‘‘negative’’ to the uninjured. Upon stimu- 
lation of the uninjured portion, the wave of excitation spreading toward 
the injured end is expressed electrically as a decremental variation of 
the already existing demarcation current. When injured-uninjured 
lead-offs are taken from the heart, the electrogram of each ventricular 
response is a monophasie type of curve substantially similar to that re- 
sulting from excitation of a strip of locally injured muscle. 

Attracted by the striking resemblance, most authors have explained 
the so-called coronary type of R-T segment deviation in the electro- 
cardiogram as an expression of the monophasic action current similar 
to that demonstrated by leading directly from the injured heart. Varia- 
tions in the form, amplitude and duration of the waves in the indirect 
derivation as compared with the direct were related to the method of 
leading off. Craib*® among others does not aecept this view. He states 
that ‘‘clinical variations in the T-wave are not to be compared with 
monophasic curves experimentally obtained from exposed and partly 
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injured hearts directly led off from injured and uninjured regions re- 
spectively.’”’ 
resulting from local myocardial injury depend upon the failure of the 


injured region to contribute its normal component to the electrical field. 


He considers that the alterations in the electrocardiogram 


Aside from the respective merits of the above views, the use of the 
term ‘‘monophasic’’ in this paper requires further modification. 
Craib”’ has shown that diphasie curves are obtained from injured mus- 
cle, cardiac as well as skeletal, if the tissue is surrounded by a large 
moist conductor. An initial brief positive deflection precedes the rela- 
tively prolonged negative variation. According to the doublet hypoth- 
esis, the electrical field in the fluids bathing the tissue is determined 
by the simultaneous presence of an anode and a kathode at the tissue 
surface arising from a common electromotive source within the tissues, 
so oriented that during invasion the anode leads while during retreat 
the kathode leads. The initial positive deflection, therefore, is held to 
be due to the arrival of the anode under the uninjured lead-off. It is 
recognized that smooth monophasie curves are not easy to obtain from 
the mammalian heart even with direct leads. Drury and Brow" con- 
eluded that only an approximation could be obtained, and Katz** dis- 
eussed the difficulties and reviewed the literature. However, the varia- 
tions in question are limited to the initial deflections, and our problem 
is concerned with the end deflections only. Therefore, despite the con- 
flicting views as to the origin of the changes following injury, we have 


chosen to use as a descriptive term ‘‘monophasie type,’’ with which so 
many readers are familiar, to designate the R-T segment deviations. 
Barnes and Whitten® in their investigation endeavored to correlate 
the artery thrombosed, the area infareted and the electrocardiographic 
changes produced. They found in the average normal heart that the 
left coronary artery supplied ‘‘the entire anterior surface of the left 
ventricle, the adjacent third of the anterior surface of the right ven- 
tricle, the apex of both ventricles, all of the interventricular septum at 
the apex, the anterior two-thirds of the septum above that point, and 
the left half of the posterior surface of the left ventricle.’’ The remain- 
der of the heart was supplied by the right coronary artery. They studied 
forty-seven cases and found in twenty-one of these in which the electro- 
cardiograms were of the T, type, that the infarction occurred in the 
anterior and apical portions of the left ventricle in the region supplied 
as a rule by the left coronary artery. In six cases in which Ts type 
had been present the infaretion was in the posterior part of the left 
ventricle in the region usually supplied by the right coronary artery. 
Four eases showed a change, while under observation, from one type to 
the other. It was found on autopsy in these that two infarets were pres- 
ent and that the above rule obtained, i. e., if the older infaret were in 
the anterior part of the left ventricle T; type would be present orig- 
inally while the more recent infaret in the posterior part of the left ven- 
tricle caused a shift to the Ts; type and vice versa. In the only instance 


CRAWFORD, ET AL. : EXPERIMENTAL VENTRICULAR MYOCARDIAL LESIONS 637 


in which multiple lesions were carried out in our experiments (Cat 1) 
we were able to corroborate this finding. The left apex anterior was 
eauterized and a typical T; tracing was obtained. After a time the 
electrocardiogram returned to normal and then a lesion was produced 
at the left apex posterior which caused a typical Ts curve to appear 
(Fig. 7A and B). In only one of Barnes and Whitten’s cases where a 
T; type was obtained was the infarction found to be in the anterior por- 
tion of the left ventricle. In four the type of change in the tracings 
eould not be determined while in seven alterations in the conduction 
system had been induced which obscured the picture. They concluded 
that ‘‘Infaretion limited to the anterior portion of the left ventricle, 
either alone or combined with infarction of the apex, or infarction of 
the apex alone, produces modification of the R-T segment of type T:, 
whereas infarction of the posterior portion of the left ventricle, with 
or without infarction of the apex, produces modification of the R-T 
segment of type T3.’’ They believe that as far as the electrical forces 
which effect the R-T segment are concerned the left ventricle can be 
divided into an anterior two-thirds ineluding the apex and a posterior 
third. Parkinson and Bedford had found that infarction of the right 
ventricle was rare, a fact which was corroborated by Barnes and Whit- 
ten. Bell and Pardee?* described five cases of their own and seven which 
Levine** had reported and found that the tracings and autopsy results 
corresponded in the same manner as those of Barnes and Whitten. A 
case has been described by Bates and Talley*® and another by Purks*° 
in which stab wounds of the chest cut the left anterior descending 
artery, and in both of these T; type of electrocardiogram resulted. Gil- 
christ and Ritchie?’ in an analysis of their records confirmed the find- 
ings of Parkinson and Bedford. However, they were unable to sub- 
stantiate the views of Barnes and Whitten in a comparison of electro- 
cardiograms and autopsy reports in one ease of their own and in eases 
previously published by other authors. 

When one attempts to correlate the R-T deviations with the site of 
myocardial damage, produced either by coronary occlusion or local in- 
jury, the earlier experimental work is inapplicable to the problem in 
that no electrocardiograms were taken. Likewise, the work of Samojloff*® 
and Eppinger and Rothberger'® can not be considered, as standard 
leads were not used. On analyzing the earlier work of Smith*® one finds 
inconsistency in the type of curve obtained after the ligation of corre- 
sponding arteries in a series of dogs. In his later work® which included 
the use of heat and cold, and the injection of nitric acid and mereuric 
chloride, the results cannot be applied as only Lead II is illustrated 
and no deseription of the changes in individual leads is given. Ham- 
burger, Priest and Bettman’ also obtained inconsistent results. Most 
of the work of Otto is inapplicable as he used only Lead II or chest 
leads. In one paper" in which standard leads were taken he found that 
ligation of the second large branch of the left cireumflex artery caused 
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an R-T fusion in Leads I, II and ITI, or in IT and ITI, while ineonstant 


R-T fusion resulted from the ligation of the left anterior descending 
branch. He considered that the former supplied the left part of the 
posterior surface of the left ventricle. However, it is difficult from the 
description to localize the probable area of damage. He states that 
ligating the right coronary artery causes S-T depression and fusion. 
Feil and his coworkers"? carried out an extensive investigation on dogs 
which was largely concerned with the problem under discussion. They 
ligated the left anterior descending artery from which the vein had been 
separated and found that no characteristic R-T deviation resulted. How- 
ever, if the blood supply to the heart were further impaired by tem- 
porarily ligating the inferior vena cava definite changes appeared. The 
explanation of Feil that the typical changes are dependent upon a con- 
siderable degree of cardiac anoxemia seems to be well founded. It is 
probable that in the production of our lesions, handling the heart caused 
general cardiac anoxemia. Feil and his coworkers were unable to sub- 
stantiate the views of Barnes and Whitten. Although, the changes in 
Lead I showed fair agreement with their thesis, considerable disparity 
in Leads II and III was present. However, Barnes and Mann,’ in a 
later investigation, reported that ligation of the branches of the left 
coronary artery in the dog resulted in changes in the RS-T segment of 
the electrocardiogram which are closely similar to those produced in 
man following obstruction of the anterior descending branch of the left 
coronary artery, and leading to acute infarction in the anterior and 
apical portion of the left ventricle. Likewise, the changes of the RS-T 
segment produced by ligation of branches of the right coronary artery 
are closely similar to those of occlusion of the right coronary artery in 
man, and resulting in infarction in the posterior basal portion of the left 
ventricle. 

In all our results a monophasic type of curve was obtained except at 
the right base anterior. In the great majority of instances the curves 
could be definitely classified as T; or T; type. The changes in Lead II 
resembled those of Lead I in the T; type and those of Lead III in the 
Ts type. In two instances an elevation of the R-T interval was seen in 
all leads, but it predominated in Lead III, so that the type could be 
definitely classified. However, in another the changes appeared to be 
of equal magnitude in the three leads and it could not be classified. In 
three experiments, instead of an elevation of the R-T segment the only 
alteration noted was a depression. The lesions which induced this were 
at the base of the heart on the anterior surface; two at the left base 
and one at the right. Of those at the left base one caused a slight de- 
pression in Leads I and II, the other in Leads If and III. That at the 
right base produced a slight depression in Lead II. In some instances 
in T, types the classical picture of a depression in Lead ILI was ob- 
tained, and similarly in Lead I in the T; type, but this was not the rule. 
Parkinson and Bedford found in many of their cases that the typical 
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changes were not present in all three leads, and did not regard the de- 
pression. in either Lead I or III a requisite for classification. 

When one considers the effect on the electroecardiogram of the location 
of the Icsions, one notes a remarkable degree of constancy. On the 
anterior surface of the left ventricle, both apex and base, a T, type of 
curve was obtained, except in one instance where cauterization of the 
apex produced a Tz type, and in two others where lesions at the base 
caused a pure depression of the R-T segment in two leads. In one of 
the latter this depression was present in Leads I and II and in the other 
in Leads II and III. These curves have not been classified. On the 
posterior surface of the left ventricle, both apex and base, typical Ts 
curves were obtained in every case. It is of some interest to speculate 
as to the cause of the relative consistency of our results and the ineon- 
sisteney of those of other workers in their ligation experiments. As 
has been pointed out, by our method one can produce with considerable 
degree of accuracy a lesion of approximately the same size, in approxi- 
mately similar sites in repeated experiments, whereas by ligating a ves- 
sel the position and size of the lesion must be modified necessarily by 
the variations of the blood supply in the individual animals. The site 
of the lesion produced is of undoubted importance, but the amount of 
tissue involved has also to be considered. The part of the injured area 
which at a particular moment is producing the maximal influence on 
the electrical forces causing the R-T segment might, in a large lesion, 
vary greatly. When one considers that the left anterior descending 
branch supplies a variable part of the septum and also sometimes gives 
branches to the left part of the posterior surface, it is possible that fol- 
lowing thrombosis, the portion of the infaret producing the greatest 
electrical effects might be toward the posterior surface of the heart. 
This could cause an entirely different picture from that induced by 
activity towards the anterior surface. It seems unlikely that in all parts 
of the damaged area an equal degree of change is taking place at the 
same time. 

The changes produced in the right ventricle gave equally definite re- 
sults. A typical T; type of curve was obtained from all sites except 
the anterior base. On ecauterization of the latter site there was no varia- 
tion from the normal, except in one instanee—a slight depression in 
Lead II. Only at the apex posterior, however, were the changes of the 
same magnitude as had been found when the left ventricle was cauter- 
ized. As noted before, previous observers found greater difficulty in 
obtaining electrocardiographie effects in lesions of the right ventricle. 

Our experimental results substantiate the thesis advanced by Barnes 
and Whitten from their clinical studies except in one particular, namely 
that we obtained T; type of curves from the left apex posterior. The 
region cauterized was undoubtedly in the area which they consider to 
be supplied by the left coronary artery. Whether the discrepancy is 
due to a different distribution of the blood supply in the eat from the 
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human, one cannot state at present but studies are in progress to deter- 


mine the relation of the blood supply to the lesions described. However. 
it appears most probable, as both Parkinson and Bedford and Barnes 
and Whitten suggested, that it is the geographical distribution of the 
lesion rather than any particular blood supply that determines the elee- 
trocardiographie changes. 
SUMMARY 

Electrocardiographic changes were studied in relation to the site of 
damage in thirty-four cats in which localized ventricular myocardial 
lesions had been produced by the electric cautery. Monophasie type 
curves were obtained which were classified as of the T, and Ts types of 
Parkinson and Bedford. With almost complete consistency lesions in 
similar sites produced the same type of curve. Lesions on the anterior 
surface of the left ventricle produced curves of the T; type, while those 
on the posterior surface of the left ventricle, including the apex, yielded 
the T; type. All right ventricular sites, except the base anterior in 
which only a slight change was induced, gave curves of the Ts type. At 
the apex posterior alone were the changes comparable in magnitude with 
those obtained in the left ventricle. Usually the changes produced were 
marked in two leads. In some the displacement of the R-T segment was 
oppositely directed in the remaining lead, while in others no significant 
deviation was observed in this lead. In a few instances an R-T eleva- 
tion was present in all three leads but as a rule to a greater extent in 
one lead. In three experiments, in each of which the lesion was located 
at the base anterior, depression rather than elevation of the R-T segment 


occurred. 
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COARCTATION OF THE AORTA (ADULT TYPE). 
A REPORT OF THREE CASES* 


Henry L. Unricu, M.D. 
MINNEAPOLIS, MINN. 


HREE eases of the adult type of coarctation are reported. Two 

are new additions to the literature. One has been mentioned pre- 
viously (Blackford*). The latter case is added because of some find- 
ings not mentioned in his report. 

The history and pathogenesis of coaretation have been so ably re- 
viewed in the literature (Abbott, Blackford?) that these features are 
omitted in this report. 

One point which may have a bearing on pathogenesis, particularly for 
those who still think the condition is of postnatal origin, I wish to men- 
tion. Dally* in discussing the descent of the diaphragm at birth claims 
that this descent (contraction) changes the direction of the currents of 
blood between the auricles and in the ductus arteriosus. He refers to 
Keith® who states: ‘‘When the right erus contracts at birth, with the 
first inspiration, it draws the pulmonary arteries and the fixed margin 
of the vestibule of the left auricle with it, but the aorta is fixed other- 
wise and scareely yields. Hence a decided traction is exercised on the 
ductus arteriosus, enough I believe to stop the flow of blood from the 
pulmonary artery to the aorta and turn it into the lung, which at the 
same time is expanding. . . . . Thus the contraction of the right 
crus, while helping to expand the lung, also closes the foramen ovale and 
ductus arteriosus. ’’ 

That this pull exerted at a distance may be one of the jumble of 
forces acting on the ductus is merely stated. Its influence on coareta- 
tion is of course purely speculative. Those who have seen a ease of 
coarctation at the postmortem table can hardly fail to have received the 
impression that the real cause of coarctation lies in the anomalous re- 
distribution of the primitive arches which go to make up that area of 
the definitive arch. 

The eclinieal diagnostie criteria for coarctation (adult type) are: 
(Oppholzer [1848]°) (1) differences in pulse volume (palpable) between 
radial and femoral arteries; absence or minimal pulsation of the 
abdominal aorta; (2) evidence of arterial collateral circulation on chest 
and abdomen; (3) aberrant systolic noises on chest (Laubry [1926]*) ; 
(4) difference in pulse and systolic pressure between arm and leg, the 
pulse and systolic pressure being higher in the arm (Railsback and 
Dock [1929]8) ; (5) x-ray evidence of erosion (sealloping) of the ribs. 


*From the Medical Service of the University Hospital and the Department of 
Medicine, University of Minnesota, Minneapolis, Minn. 
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CASE REPORTS 


Case 1.—C. S., aged thirty-two years, male, entered the hospital December 31, 
1928, discharged January 16, 1929. The patient was sent in for thyroidectomy. 
Two basal metabolic rates taken at intervals—the latter, one week before admission— 
were plus 42. 

Present Illness: Onset six years ago—dizziness, shortness of breath, palpitation, 
Hypertension noted six years ago. He tolerates heat well but suffers from the cold, 
There has been puffiness of the face and hands. During the last three months he 
has taken Lugol’s solution, minims 10, three times daily. The patient was referred 
to surgery because of the request of his physician, and because he had a thrill over 
the enlarged thyroid, tremor of the fingers on extension of the hands and «a history 
of increased basal rate readings. A hypertension, recorded as 210/134 mm., was 
noted, and there was also an enlarged heart with a systolic murmur at the apex 
which was not transmitted. 

The family history is unimportant except perhaps for the fact that the mother 
died of apoplexy (age not stated). The patient is married. His wife and children 
are well. He has diseased tonsils and cervical adenopathy, also pansinusitis (x-ray), 

When seen by Dr. Karl Anderson of the medical staff it was noted that there 
under the sternum, a to-and-fro extracardiaeg murmur heard in the 


wis a muss’ 


back at the angle of the scapula, also several pulsating vessels in the back. The 
diagnosis was at the time ‘‘hypertension,’’ ‘‘mass in upper part of the thorax,’’ 
‘“hyperthyroidism, questionable.’’ ‘‘Operation should be deferred for more accurate 
study and to obtain a better understanding of extracardiac murmurs.’’ On com- 
paring the radial pulsation with the abdominal and femoral pulsations a striking 
difference was noted. Further observation of this man revealed, besides the marked 
pulsation of the arteries of the neck, the visible pulsation of vessels in the back 
along the vertebral border of the scapula and palpable vessels which pulsated along 
the intercostal spaces. When this patient became quieter, no cardiac murmurs were 
audible. A systolic bruit in the neck vessels was heard and there was a postsystolic 
murmur in both interseapular areas at the level of the second and third thoracic 
vertebrae. Deformity of the spine (scoliosis) was noted. The mass under the 
sternum was interpreted as an enlarged vessel off the arch, because retrosternal 
dullness varied under rest. 

Eye grounds—arteriosclerosis, tortuosity of vessels. Kidney function normal. 
Blood and urine normal. Basal metabolic rate on January 5, plus 4. Electrocardio 
gram, January 8, 1929—-normal complexes, T in Lead I flat. 


Blood pressure readings in arms 2nd legs: 


Left Right 
( Arm 186/108 194/112 
Mareh 3, 1929 L Leg 124/118 1l4/? 
¢ Arm 190/120 188/120 
April 14, 192! 190/110 120/110 
Arm 168/102 170/102 
May 24, 1929 130/120 190 /92 
j — ( Arm 208/120 198/126 
| Leg 140/120 140/118 
¢ Arm 220/115 210/115 
ay 18, 1930 a 

28, | Leg 140/125 140/120 


Physical findings on January 26, 1930, about one year after discharge from the 
hospital: Congestion of face and slight cyanosis. Pupils equal, react to light 


und accommodation, Some visible pulsation of vessels of the neck. Some venous 
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dilatation. Some asymmetry of thorax—left bulges slightly, moves freely. Some 
eardine enlargement. Abdomen is normal. Extremities of good color, veins are 
quite numerous and visible. Pereussion of thorax—clear, no retrosternal dullness 
found. Patient feels well. Has no roaring in his ears, no headaches. Legs tire 
when he goes upstairs. Arm and leg pressures noted in table of pressures. 

The patient had been working steadily for one year at fairly hard labor in a 
steel mill. 

X-ray Report (Dr. Rigler): January 5, 1929, Ad 6390, Chest and Spine: 
Fluoroscopic and film examination of the thorax was made. There is a 
shadow in the superior mediastinum which  pulsates slightly. This may 
be due to a substernal thyroid, but its appearance is not characteristic, 
and the possibility of its being due to dilated vessels cannot be ruled 
out. The heart appears to be within normal limits in size, shape and _ position, 
but there is a marked distortion of the spine which causes the heart to protrude 
to the left side. Only the arch and ascending aorta can be fairly visualized. The 
descending aorta was not well visualized. Plates of the spine reveal multiple 
deformities, the third and fourth dorsal vertebrae being used together, and the 
seventh and eighth being very much deformed. Its appearance is characteristic 
of a congenital lesion, and suggests intercalation, A further study of the spine is 
advisable. There is a marked deformity of the ribs on the right side, secondary 
no doubt to the spinal deformity and some scoliosis. Erosion of the ribs along 
their inferior margins is shown. This is characteristic of dilated pulsating 
arteries. Conclusions: Congenital deformity of spine. Possible substernal thyroid. 
Possible dilated vessels of neck. Erosions of ribs secondary to dilated intercostal 
vessels, 

January 29, 1930, Ae 864, Chest: Reexamination of the chest and heart with the 
barium filled esophagus was made. The findings are much the same as last reported. 
There is little or no distortion of the esophagus except that it is displaced some- 
what to the right in the anteroposterior view just below the arch of the aorta. The 
aorta could not be clearly visualized and suggests an atresia. The distinct erosion 
of the ribs previously reported is again shown and is due to pulsation of the tortu- 
ous intercostal vessels. The deformity of the spine previously reported is again 
shown. Conclusions: Multiple congenital deformities of spine. Erosion of ribs 
secondary to tortuosities of intercostal arteries. Distortion of esophagus secondary 


to abnormality of aorta. Enlarged heart, left ventricular type. 


Comment: The x-ray report of erosion of the ribs in this man with 
the correct interpretation of its cause, was made previous to our know!l- 
edge of the publication of Railsback and Dock’s* article. It was decided 
at the time of the observation to wait for verification of this finding 
in other cases before calling attention to it. This was neatly done by 
Railsback and Dock. The syndrome of hyperthyroidism in this case 
and its appearance in cases of coarctation are discussed subsequently. 

CASE 2.—Miss 8., aged twenty-one years, patient of Dr. M. W. Alberts, St. Paul.* 
The patient was seen in January, 1930. She is a young woman in apparently good 
health attending the university. She gives a history of having had symptoms of 
hyperthyroidism five and a half years ago. Thyroidectomy was performed without 
results. One year later another portion of the thyroid was removed. This improved 
the patient’s nervous symptoms but did not relieve her hypertension which had 
been present throughout this period. It was then noted and there was a marked 


*We again take occasion to thank Dr. M. W. Albert for his permission to use 
this case as clinical material and for the opportunity to mention it in this report. 
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difference in pulsation of the brachial and femoral arteries. The diagnosis of 


coarctation was made. Since her operation four years ago she has been slightly 
restricted in her activities. 

Physical Examination: The patient is a well-nourished, well-developed young 
woman. There is a full thvroid; the vessels pulsate in the neck but there is no 
thrill. The heart is not enlarged. All over the chest a systolic bruit is heard. 
Besides this, cardiac sounds are well heard all over the chest. Along the sternum 
on the right a systolic murmur is heard which can be traced far down the abdomen 
to the level of the umbilicus. A similar murmur is heard on the other side of 
the abdominal wall. Along the right axillary area this systolic murmur is pro- 
nounced. In the back, pulsation of intercostals can be made out on palpation 
from midscapular area to as low as the ninth interspace on both sides. A systolie 
bruit is heard along the inner margin of the scapula on both sides. The charae- 
teristic interscapular systolic noise is not so obvious as in Case 1. There is absence 
of palpable pulsation in the abdominal aorta and very feeble pulsation of the 
femorals. 

Eye grounds, beginning arteriosclerosis, tortuosity of the vessels. Blood pressure 


readings: 


Left Right 
, Arm 190/100 200/110 
January, 1930 ans 
January, 1 Leg 130/110 difficult 130/110 
i ¢ Arm 170/90 170/90 
in May, 1900 | Leg 128/100 120/95 


X-ray Report: February 3, 1930, Ae 1023, Chest and Esophagogram (Dr. Rig- 
ler): The heart shows only a very slight enlargement, chiefly in the left ventricle. 
The aorta shows some slight dilatation of the ascending portion, but the arch is 
small and the descending portion can be very poorly visualized. It can, however, 
be made out. <A definite area of constriction in the aorta cannot be clearly visual- 
ized. There is no particular distortion of the esophagus. A definite erosion on 
the inferior surfaces of the ribs on both sides extending down to the eighth rib 
posteriorly is clearly made out. This is characteristic of the type of erosion which 
is clearly made out. This is characteristic of the type of erosion which is due to 
tortuosities of the intercostal arteries. There is a shadow in the superior medi- 
astinum very ill-defined but suggesting enlarged dilated vessels. Conclusions: Slight 
cardiac enlargement, left ventricular type. Erosion of ribs from pressure of ves- 


sels; coarctation of aorta (clinical). 


Comment: Blackford? reported this case, we assume as No. 7. Since 
he gave no differential blood pressure readings nor mentioned the erosion 
of the ribs, we have incorporated this data. This is the second ease 
which has come to our notice presenting at some time in the history 
evidence of a hyperthyroid complex. The possible explanation for this 
will be given in the discussion. 

CASE 3.—O. J., aged twenty-three years, admitted March 6, 1930. 

Present Illness: The patient felt very well until February, 1929, when he 
developed an inguinal hernia on the right side. This did not trouble him very 
much so he did light work. The hernia increased during the summer of 1929. 
He worked in the harvest fields in the fall of 1929. He felt very well when lying 
on his back and the hernia was reduced. Swelling of the abdomen began in 
February, 1929. It was gradual and painless. No jaundice was noticed at the 
time. There was no edema of the ankles, no dyspnea, no cyanosis. He was ¢on- 


fined to bed for one month before admission. 
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Past History: His previous health had been good. Apparently he had a normal 
childhood. He ran and played with the other children. He never was short of 
breath. The mother noticed that he was usually pale. He never flushed when 
running. He catches ‘‘cold’’ easily. There have been no headaches, no palpitation. 
No dyspnea was noticed until six weeks before admission. There is no history of 
rheumatism. The family history is negative. 

Physical Examination: On admission there was slight dyspnea, and he was able 
to lie flat in bed without discomfort. Sclera icteric; slight acrocyanosis. Thorax: 
Lungs clear; marked enlargement of the heart to the right and left; shape of 
the heart probably altered by intra-abdominal pressure. A rough systolic thrill 
was felt at the apex. At the base there was a rough diastolic murmur occupying 
the whole of diastole evident in the pulmonic area. No other murmurs were noticed. 
Pulse 41 to 56; occasional extrasystoles. Blood pressure 154/96 mm. Abdomen: 
Marked ascites; liver down to umbilical level. Liver seems firm, not tender. Spleen 
not felt. Right inguinal hernia with fluid, easily reducible. Extremities: Reflexes 
diminished. Slight edema of the legs. Slight cyanosis; radials sclerotic. No 
clubbing of fingers present. 

Paraeentesis on March 7, 1930: Liver now made out as enlarged, with round 
hard edge; surface feels granular. Spleen palpable and hard. Lungs elear. 
Heart: Murmurs have changed; now a rough systolic murmur was heard over 
the base. Pulsation was made out on vessels of the back particularly along the 
vertebral borders and in the intercostal spaces. Pulsation of the abdominal aorta 
was not found. Pulsation of the femorals was very faint. The ascites was con- 
trolled by novasural and ammonium chloride. On March 29 the patient was up 
and about. No edema of the legs. On sitting up, there was systolic retraction at 
the apex. On palpation a short rough thrill was felt at the apex. 

Paracentesis on April 30, 1930: Murmurs at base have disappeared. Posteriorly 
the murmurs persist ‘‘postsystolic in time.’’ The point of greatest intensity of 
this murmur is at the level of the third thoracic spine but can be heard as far 
down as the seventh spine in both intraseapular spaces. The pulsation of the neck 
vessels was very forceful but did not have the celerity felt in the other eases 
of coarctation we have seen. In fact, at times the radial pulse suggests aortie 
stenosis. There was a systolic retraction in the lower intercostal spaces on the 
left, in the axillary line. Conjunctivae were slightly yellow. 

Eye Grounds: ‘‘O. D. vessels, particularly the smaller arteries and veins, very 
tortuous; some change in vessel walls, particularly arteries. O. S. similar to O. D. 
Tortuosity of small vessels marked.’’ (Dr. Lane.) 

Laboratory: Blood normal. Icterus index March 11, 1930: 12. Ieterus index 
May 7, 1930: 20. Urine: Urobilin, P. S. P. 80 per cent two hours. Electrocardio- 
gram March 11, 1930: Bradyeardia, left bundle-branch block. 

Blood pressure ranged from 154/96, 144/86, to normal readings in arms. Leg 
readings were not obtainable. In September, 1930, readings were obtained in 


his legs. 


Left Right 
Arm 140/78 140/82 
| Leg 104/90 104/90 


X-ray Reports: Mareh 10, 1930, Ae 1894, Six-foot Chest (Dr. Rigler): The heart 
is greatly enlarged to the right and left with a marked bulging in the region 
of the conus pulmonalis and considerable enlargement of the left ventricle. The 
aorta is very poorly visualized, especially in its ascending portion, but even in the 
descending portion it is very difficult to make out. There is evidence of a marked 
pulmonary congestion on both sides. The diaphragms are very high. A definite 
erosion of the inferior surface of the posterior ribs is shown, characteristic of 
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coaretation of the aorta and due to the enlarged intercostal vessels causing pressure 
on the ribs. The esophagus shows a definite posterior displacement due to enlarge- 
ment of the left auricle. Otherwise there is little or no evidence of change, 

After evacuation of the fluid from the abdomen, the diaphragm has come down 
somewhat, and the heart does not appear quite so enlarged but is still massive, and 
the pulmonary congestion is still very prominent. The findings in the ribs are 
again shown, and the marked enlargement of the left auricle is definitely shown, 
The whole appearance suggests a coarctation of the aorta with some other lesion 
in addition, the appearance suggesting most strongly «a marked degree of mitral] 
disease in addition to the aortie disease. There is a marked enlargment of the 
left ventricle also. 

Operations: May 14, 19380. Talma-Mecrison operation under spinal anesthesia, 
Piece of the liver examined microscopica'ly. Report of frozen section: cirrhosis 
of the liver (Bell). (There was a slight infection of the bronchi following this 
operation; temperature 102°; leucocytes 15,500.) No pulsation on direct palpation 
of the aorta reported by the surgeon (Wangens‘teen) at the time of the operation. 

June 13 to 18, tapping of hydrocele. 

Discharged June 24, 1930; patient up and about. 


Reentered hospital November 4, 1930. Died November 7, 1930. 

After the Talma-Morison operation there was relief of ascites for a brief period, 
The patient was up and about. The abdomen was tapped at intervals of two and 
three weeks after leaving the hospital in June. On October 25, 1930, the patient 
had an attack of weakness, he was conscious of his heart (‘‘ pounding fast’’) and 
some precordial pain. The attack lasted eight minutes. He has had _ similar 
attacks since. These attacks never last more than ten minutes. After each attack 
the patient feels weak temporarily. Between attacks he does not ‘‘know he has a 
heart.’’ His general health, appetite, sleep, and bowels were normal. 

His physical examination on November 4, 1930, revealed no new data. When 
seen in one of his attacks his heart was very rapid and irregular. There was 
dyspnea, cyanosis and sweating. Venesection was done in his fatal attack. Two 
minutes after venesection the patient gasped suddenly, vomited, and his respiration 
became spasmodic. The heart stopped before respiration. Electrocardiogram some 
five hours earlier had shown tachyeardia, rate 200, possibly nodal in origin. 

Necropsy (Dr. O’Brien.) —O. J., A 31-1662. The body is that of a young white 
male, 175 em. in length, weighing approximately 165 pounds. Nutrition and de- 
velopment are good. No edema or jaundice. The abdomen is distended. The veins 
over the anterior and lateral chest wall and abdomen are prominent. 

The peritoneal cavity is filled with 6000 e¢.c. of clear straw colored fluid. The 
liver is firm and extends well below the costal margin. 

The pleural cavities are free of adhesions and effusion. The pericardial sae 
contains approximately 100 ¢.¢c. of clear straw colored fluid. 

The heart shows generalized enlargement. It weighs 870 grams. It is 20 em. in 
width, the thoracic width at this level being 27 em. All chambers are enlarged, 
especially on the right. The left ventricular walls vary from 1.5 to 3 em. The 
right varies from 1.0 to 2.0 em. in thickness. The auricular walls are thickened 
and distended. The mural endocardium is smooth and shows no thrombosis. The 
valve edges are free and leaflets are thin. The interauricular and interventricular 
septa are intact. The coronary arteries show slight internal atheromatous deposits, 
but no interference with the lumina. There are diffuse yellowish deposits in the 
pulmonary artery, root of the aorta, base of the aortic valve and the aortic 
leaflet of the mitral valve. The muscle is slightly cloudy but shows no evidence 
of fibrosis. 

The aortie arch rapidly tapers down to a moderate constriction proximal to the 


left subelavian artery. There is a more marked constriction near the junction 
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Fig. 1—Viewed from above and slightly to the left, this drawing is an excel- 
lent proportionate outline of the heart and vessels. The arch is somewhat dis- 
placed to the left due to fixation. The descending aorta is also distorted by the 
removal of the specimen from the body and by fixation. The narrowing beyond 
the left subclavian is marked but does not give an adequate idea of the extent 
of the atresia because the vessels have not been opened. (See report of the 
pathologist.) 
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Fig. 2.—Viewed from below and behind. The same distortions of the arch and 
descending aorta (for similar reasons as in Fig. 1) are noted. 
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of the arch with the descending portion. The ductus arteriosus is patent and 
connected with aorta, at the site of the marked constriction. A probe is passed 
through the ductus arteriosus and passes readily into the descending aorta. It js 
practically impossible to pass a very fine probe through the distal stricture of the 
aorta. The descending aorta is smaller than normal. There is a dilatation of the 
proximal portion of the descending aorta for a distance of 5 em. Beyond this 
it is uniformly narrowed, averaging 1 em. in diameter. The common iliac vessels 
are smaller than normal but show no other abnormalities. The left carotid js 
normal in size. The left subclavian artery is dilated and thickened. The innominate 
artery is distended and has a thin wall. All of the intercostal vessels are markedly 
dilated, thickened and tortuous. The change is most marked in the first intercostal 
vessel on the left side. This vessel is approximately the same size as the right 
carotid artery. Both subclavian arteries are marked dilated. The internal mam- 
mary arteries are dilated and tortuous. The axillary arteries are apparently 
normal in size. The pulmonary artery and conus are markedly dilated. The two 
pulmonary arteries arise from the posterior superior portion of the distended 
trunk. The pulmonary vessels show no dilatation nor sclerosis. 

The spleen weighs 500 grams and is definitely enlarged. The surface is covered 
with a diffuse hyaline change. Multiple adhesions between the spleen and stomach 
and abdominal wall are present. On cut section marked chronic passive congestion 
is found. 

The liver weighs 2,725 grams. Slight hyaline perihepatitis is present, and the 
surface is roughened due to the liberation of adhesions. The organ is firmer than 
normal. On eut section marked darkening of the centers of the lobules is seen. 
There is increased resistance probably due to fibrous tissue deposits. Slight fatty 
metamorphosis is present throughout. 

The right kidney weighs 230 grams and the left 250 grams. The capsules strip 
without difficulty, and the presenting surface is dark red and hemorrhagic in 
appearance. There is faint fine pitting over the surface. Section shows the cortices 
of fairly uniform width. 

Microscopic Examination: Sections of the heart muscle are normal. No evidence 
of pulmonary arteriosclerosis is seen. The spleen shows marked chronie passive 
congestion. The liver presents marked congestion and atrophy of the cords in 
the liver lobule, especially in the central portion. There is a moderate increase 
in the portal connective tissue and lymphocytes, presenting the picture of a moderate 
portal cirrhosis. The kidneys are carefully studied from the standpoint of possible 
arteriolar selerosis but none is found. 

Diagnosis: (1) Coaretation of the aorta. (2) Patent ductus arteriosus. 
(3) Marked dilatation of the subelavian, carotid, innominate, internal mammary, 
intercostal and pulmonary arteries. (4) Marked narrowing of the descending 
aorta and common iliae arteries. (5) Cardiac hypertrophy and _ dilatation. 


) Ascites. (8) Portal cirrhosis. (9) 


‘ 


(6) Chronic passive congestion of all viseera. ( 


Vascalar adhesions of the stomach, spleen, liver and peritoneal cavity (operation). 
ASSOCIATED ANOMALIES 


Case 1 had a spinal deformity in the thoracic area; the third and 
fourth ribs were pressed together and the seventh and eighth being 
much deformed having on the right an interealated vertebra with an 
an extra rib. This type of somatic deformity is new, using Maude 
Abbott’s® report as a criterion. 

The aorta in Case 3 certainly suggests aplasia, although the patholo- 
gist does not stress this point. 
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DISCUSSION 


While the clinical criteria are sufficient to make a diagnosis, hemi- 
plegia, or symtoms of hyperthyroidism with increased blood pressure 
in the young should make one alert as to the possibilities of coarctation. 
Two of our three cases had evidence of hyperthyroidism. Both Case 1 
and Case 2 had definitely increased metabolic rates. In Case 2 the 
patient had her thyroid operated on twice before she was pronounced 
normal. Case 1 escaped surgical interference. Rest, with assurance 
that his condition had been properly diagnosed, and the withdrawal of 
Lugol’s solution reduced the patient’s metabolic rate to normal. 
Lorrigia® was the first to mention, and Blackford? later noted, hyper- 
thyroidism in connection with this defect. Is the overactivity of the 
thyroid due to the increased vascularity of the gland? There is an 
apparent increase of blood flow in the areas above the clavicles. The 
inferior thyroid comes off the subelavian. The subclavian and _ its 
branches are the usual arteries of collateral circulation. That increased 
blood supply may be a factor in the overactivity of the thyroid in these 
eases is a reasonable hypothesis. That it may be a factor in other cases 
reported with this defect is also a legitimate assumption. If this is 
correct, then ligation of the inferior thyroid may be all that is neees- 
sary to relieve the hyperthyroid symptoms in some of these eases. 

All three cases, aged respectively nineteen, twenty-two and_thir- 
ty-one years, had evidence of tortuosity and beginning arteriolar changes 
in the retina. If, in essential hypertension, arteriolar changes of the 
vessels in the retina are indicative of arteriolar changes in the vessels 
leading to the glomeruli in the kidney (Bell), it would be of interest 
to examine the preglomerular vessels in these cases as they come to the 
postmortem table. Our single postmortem examination showed no 
changes in the kidney. 

Students of vascular pathology have an important and striking 
up’’ in these coarctation eases to study the effect of work or tension, 
plus wear and tear or pulse pressure in the upper part of the body as 
compared with work or tension in the lower part. It is to be noted that 
in these three cases while the systolic pressure in the arm is higher 
than in the leg, the diastolic is the same or even higher in the leg. 
In other words, there is hypertension in the lower extremities. The 
observations of Blumgart et al.t° differ on this point. In one ease 
their readings given for the lower extremity show a lower diastolic 


pressure than normal. In their second ease no diastolic readings in 
the leg are given. <All of our readings were made with a 20 em. euff. 
We found a high normal diastolic (90 mg. of mereury) or above. Blum- 
gart’s arteriolar pressures were normal in the legs. Is the high diastolic 
pressure in the lower portion of the body a compensatory phenomenon 
to insure adequate arteriolar pressure? 

Those interested in the pulse may learn something for or against 


650 THE AMERICAN HEART JOURNAL 


their theories as to the factors in its mechanism. The pulse is a dis. 


tention of the wall of the vessel induced by the increased volume of 
blood propelled by the systolic force of the heart. In Case 3, durine 
the operation for relief of his portal circulation, the surgeon had an 
opportunity to feel the aorta in the abdomen. He reported there was 
no pulsation. I know of no other observation of its kind in coaretation. 
That this is a constant finding cannot be true. It was usually difficult 
to get the blood pressure readings in the legs in Case 3, but occasionally 
they were obtainable. If there was a pulse pressure in the femorals 
at times, there must have been a pulse in the abdominal aorta at those 
times. The loss of pulse in Case 3 was due to extreme atresia and 
the dissipation of the systolic wave in the collaterals. That there was 
adequate supply of blood flow must be conceded. Not one of these three 
cases had symptoms of weakness( atrophy or loss of function in the 
iegs. Blumegart et al. suggest from their blood gas studies a low eas 
reserve in the legs. 

All three cases showed the characteristic erosion of the ribs deseribed 
by Railsback and Dock.* This finding has been confirmed by others. 
The relation of age to the appearance of this defect is pertinently dis- 
cussed by Fray.'' If we look on page 385 of Tie AMERICAN Heart 
JouRNAL, Vol. 3, 1927-28 (Hamilton and Abbott* ‘‘Coarctation of the 
Aorta’’), the x-ray plate of the fourteen-year-old boy shows some of the 
characteristic erosions of the ribs. Realizing the facet that erosion is not 
an absolute pathognomonic sign, we have studied the esophagogram 
and its relation to the arch, without any definite results. We do not 
wholly agree with Fray that the main reliance (roentgenologically 
speaking) should be placed on the defect in the arch in the left oblique 
view. 

SUMMARY 

Three cases of adult type of coarctation are reported. The post- 
mortem findings are given in one ease. 

Case 1 had a somatic anomaly, involving the thoracie vertebrae. This 
has not been reported previously in the literature. 

The cirrhosis of the liver in Case 3 may have had a basis in the 
modified blood supply. 

The diagnostic importance of x-ray evidences of erosion (scalloping) 
of the ribs is emphasized. 

The findings of increased basal metabolic rate in two cases is men- 
tioned. A possible explanation is suggested for this increase. 

Attention is called to the ‘‘set up’’ which these cases afford for the 
study of vascular problems. The work (tension) in the vessels, plus 
increased pulse pressure in the head, neck and arms, as contrasted with 
work (tension) without pulse pressure in the lees is stressed. In the 
patient who died the arterioles of the eyes (clinical) and kidneys 
(anatomical) are compared. 
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Attention is called also to the high diastolic pressure in the legs. 
The impression from these three cases is that this is a compensatory 
phenomenon. 
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THE ACTION OF ADRENALIN ON PATIENTS WITH COM- 
PLETE HEART-BLOCK AND STOKES-ADAMS 
SEIZURES 


A COMPARISON OF THE EFFECTS OF THE DrtG ON PATIENTS WirH 
SyncopaL ATracks DUE TO STANDSTILL OF THE VENTRICLES 
AND THOSE DUrF TO VENTRICULAR FIBRILLATION® 


Siwney P. Scuwarrz, M.D.,f anp ABRAHAM JEZER, M.D. 
NEW York, N. Y. 

HE purpose of this study was to determine the effect of adrenalin 

on the heart rate and rhythm of patients with auriculoventricular 
dissociation subject to Stokes-Adams seizures. It is now definitely 
established that recurrent syneopal attacks in such patients may be the 
result of either ventricular slowine and standstill' or of the various 
erades of acceleration of the ventricles leading to transient ventricular 
fibrillation.2. While there are now some excellently controlled observa- 
tions on the action of adrenalin in patients with auriculoventricular dis- 
sociation and standstill of the ventricles, both preceding and during the 
presence of syncope, there are no comparable analyses of the cardia 
mechanism following the use of the drug in patients subject to transient 
periods of ventricular fibrillation. This is of particular importance at 
the present time, since adrenalin is being prescribed indiscriminately in 
patients with Stokes-Adams seizures without any knowledge of the mech- 
anism responsible for the attacks. 


REVIEW OF THE EXPERIMENTAL OBSERVATIONS 


In studying the distribution of the nerves of the heart, Cullis and 
Tribe* noted an increase in the rate and force of contraction of both the 
auricles and ventricles in cats and in rabbits in which they injected small 
doses of adrenalin before and after section of the auriculoventricular 
bundle. 

These findings were subsequently confirmed by Van Egmond,* who 
noted an inerease per minute of 15 beats in the ventricular rate and 30 
beats in the auricular rate following the use of adrenalin in dogs with 
their vagi intact. 

In a dog with a crushed auriculoventricular bundle, Routier® injected 
intravenously, 1/20 me. of adrenalin and within twenty seconds observed 
an inerease in both the auricular and the ventricular rates. Twenty 
seconds later there was a disappearance of the complete heart-block 
which lasted for twenty-five seconds. Routier was able to reproduce this 
experiment three times on the same animal and suggested the use of the 


*From the Medical Division of the Montefiore Hospital. 
*Goldschmidt Student. 
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drug in human heart-block because of its possible value in establishing 
normal rhythm and not because of its effect on the ventricular rate. 

In a similar experiment Hardoy and Houssay® failed to establish nor- 
mal rhythm in a dog with complete auriculoventricular dissociation with 
0.2 «ce. (1/5 mg.) of a 1: 1000 solution of adrenalin. They noted, how- 
ever, an acceleration of both the auricular and ventricular rates as well 
as the appearance of premature ventricular beats. 


REVIEW OF THE CLINICAL OBSERVATIONS 


The first observations on the effects of adrenalin on patients with com- 
plete heart-block are those reported by Danielopolu and Danuleseu.* In 
a man fifty-seven years of age with auriculoventricular dissociation and 
recurrent syneopal seizures, whose ventricular rate varied from 26 to 40 
beats per minute, the injection of 1 mg. of adrenalin resulted within 
three or four minutes in an increase of both the auricular and the ven- 
tricular rates as well as the onset of premature ventricular beats. In a 
subsequent communication the same authors claimed to have been able 
to abolish a partial heart-block by means of this drug.‘ 

Hardoy and Houssay® observed a similar acceleration of both the 
auricular and the ventricular rates one minute after the intravenous 
injection of 1 ¢.c. (1 mg.) of a 1: 1000 solution of adrenalin in a man 
fifty-five years of age, with auriculoventricular dissociation and a regu- 
lar ventricular rate of 30 to 32 beats per minute. Five minutes later 
there was a return to normal of both the auricular and the ventricular 
beats, but the P-waves of the electrocardiograms were at times negative. 
They quote Arrilaga® who observed the same phenomenon in several 
eases with auriculoventricular dissociation. None of these authors men- 
tion that their patients were subject to Stokes-Adams seizures. 

Lutembacher’s observations'’ with polygraphie tracings are of greater 
interest. He injected 0.5 meg. of adrenalin in a patient with auriculoven- 
tricular dissociation and a basic rate of 25 to 30 beats per minutes, and 
produced violent constriction of the chest which was followed by a ‘‘ven- 
tricular pause with syneope.’’ The face became pale and this was fol- 
lowed by intense cyanosis with distention of the veins; then, after a short 
period of unconsciousness, there was a sudden increase in the ventricular 
rate to 84 beats per minute, which became regular when the patient re- 
gained consciousness. Seven minutes after, the heart beat at the rate 
of 40, but the patient still complained of severe precordial constriction. 
Twenty minutes later, the rate was still 40 and there was mental con- 
fusion, but on the following morning the patient’s sensorium was clear 
and the pulse was 18. <A second intravenous injection to this patient of 
0.25 mg. of the drug, when the basie auricular and ventricular rates were 
75 and 28, respectively, resulted in an immediate acceleration of the 
auricles to 85 beats and the ventricles to 75. 
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In another similar case the intravenous use of 0.1 mg. of the drug 
was followed by premature beats of the ventricles, tachysysiole and 
finally cessation of ‘‘ventricular activity.’’ Ten minutes after the in- 
jection both the auricular and the ventricular rates returned to normai. 
For eight days following this experiment the ventricular rate averaged 
16 beats per minute. 

In 1920 Strissower'! injected adrenalin in a patient with complete 
auriculoventricular dissociation and noted an increase in the ventricular 
rate with a temporary return to normal rhythm. One month later, when 
the patient showed a partial heart-block with a two-to-one rhythm, the 
drug abolished the block, but only for a few seconds. 

Two years later, Phear and Parkinson’? studied a woman of forty-nine 
years with complete heart-block and frequently recurring synecopal 
seizures, in whom the subeutaneous injection of adrenalin was followed 
by complete cessation of the attacks within fifteen minutes. They sug- 
gested an extended trial of adrenalin in patients with Stokes-Adams 
seizures when the immediate loss of consciousness is normally due to ex- 
treme slowing and standstill of the ventricles, for these may be abolished 
by the increase in the ventricular rate due to the drug. 

A somewhat similar case was reported by Feil'* who noted cessation 
of syneopal attacks in a man fifty-six years of age with complete auricu- 
loventricular dissociation, following the administration of 0.4 me. of 
adrenalin. The attacks recurred twelve hours later and again twenty- 
four hours afterward, and on each occasion they were stopped by a 
similar injection. 

In a man, aged forty-four years, with a rapidly increasing heart- 
block which became complete after thirty hours, Parkinson and Bain™ 
used adrenalin on twelve separate occasions following the onset of Stokes- 
Adams seizures, and each time the drug abolished the attacks within 
three minutes. Freedom from attacks was maintained from two to 
forty-eight hours from the time of injection. On four occasions when 
partial block was present there was an increase of both the auricular 
and the ventricular rates with restoration of normal rhythm. At one 
time there was no increase in the ventricular rate with the use of the 
drug when the block was complete, while at another time there was 
definite increase. 

In a woman, fifty-six years of age, Korns and Christie’ injected intra- 
muscularly 0.7 mg. of epinephrin and produced an increase in the aurie- 
ular and ventricular rates, a marked auricular arrhythmia and many 
premature ventricular beats as well as an increase in the auriculoven- 
tricular block when the block was partial. 

In summarizing the clinical results to date, the evidence shows that 
adrenalin in doses of from 0.3 mg. to 1 mg. when administered subeu- 
taneously, intramuscularly or intravenously may accelerate both the 
auricular and the ventricular rates of patients with auriculoventricular 
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dissociation whether they are subject to Stokes-Adams seizures or not. 
The inerease in rates may be regular or irregular. When the vagal 
effects of the drug predominate, the auricles may be slowed at first, and 
in patients with partial heart-block the block may be augmented. In 
a few instances normal rhythm could be established. In a small group 
of patients in whom syneopal seizures were found to be due to stand- 
still of the ventricles, the drug was found to cause a cessation of the 
attacks, with or without an increase in the rate of the ventricles. 
In several instances, however, the use of the drug was followed by 
‘‘syneope’’ with what appeared to be stoppage of the ventricles. For 
this unusual response no explanation has as yet been offered. 


METHOD OF PROCEDURE 


A 1: 1000 solution of adrenalin was administered subcutaneously and intramus- 
cularly in graded doses ranging from 0.3 mg. to 1 mg. to four patients with com- 
plete auriculoventricular dissociation suffering from transient syncopal seizures. In 
one patient an intracardiae injection was performed. 

There were two males and two females. The heart-block in these patients was 
due, in all probability, to disease of the conduction system following coronary vessel 
closure. In the male patients it was definitely established that the syncopal attacks 
were the result of a marked slowing of the ventricular rate, whereas in the female 
patients the mechanism responsible for the attacks was found to be due to the various 
grades of ventricular acceleration leading to ventricular fibrillation.* 7 All of these 
tests were carried out at a time when the patients were known to be free from 
seizures for several days and when both basie auricular and ventricular rates were 
fairly constant and did not vary more than an average of 8 beats per minute. 

In two instances also the drug was given during a synecopal seizure. The 
adrenalin was administered to the patients while they were in the electrocardiographic 
circuit, and records were taken as frequently as was thought necessary. During this 
time detailed notes were made of the patient’s general reaction to the drug as well 
as of the clinical rate and rhythm of the pulse. Observations were discontinued in 
each instance four hours following the injections. Tests were not repeated on the 
same patient in less than two days. 


RESULTS OBTAINED IN PATIENTS WITH COMPLETE AURICULOVENTRICULAR 
DISSOCIATION AND SYNCOPAL ATTACKS DUE TO VENTRICULAR 
STANDSTILL 


In the two male patients in whom the syncopal seizures were due to a 
marked slowing of the ventricular rate, the intramuscular administra- 
tion of 0.3 mg. of the drug resulted within three to five minutes in a 
progressive increase of the basic auricular and ventricular rates from an 
average of 78 and 34 beats per minute to 114 and 48 respectively. Ten 
minutes later the pulse rate was noted to be slightly irregular, and 
this was found to be due to an irregular spacing of the idioventricular 
beats and not to premature beats of the ventricles. The greatest in- 
creases in these rates were observed to come on from eight to ten min- 
utes later. The patients at no time complained of any systemic symp- 
toms, such as marked tremor, sweating, nervousness or palpitation of 
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the heart. The heart rates returned to their normal basie level within 
one-half hour after the injections. 

The use of 1 mg. of adrenalin on a different occasion resulted in 
similar changes. Within one minute, the progressive accelerations in 
the rate described above began to appear, and these lasted a little 
over one hour and again there were no accompanying general dis- 
turbances. 

In one patient, at a time when there was a slowing of the ventricular 
rate to 6 beats per minute with syncope which lasted for three min- 
utes, the injection of 1 mg. of the drug intramusculary, resulted within 
two minutes in a progressive acceleration of the ventricles. Ten min- 
utes later these averaged 80 beats per minute and were regular. One 
hour later the ventricles returned to their normal basic rate of 24 
beats after passing through a variable stage of irregularity consisting 
of an unequal spacing of the ventricular beats which, however, were 
all felt to come through at the pulse. 

Premature ventricular beats were not recorded in them at any time 
during the use of adrenalin. 


RESULTS OBTAINED IN PATIENTS WITH COMPLETE AURICULOVENTRICULAR 
DISSOCIATION AND SYNCOPAL ATTACKS DUE TO VENTRICULAR FIBRILLATION 


The sequence of events following the use of adrenalin in the two 
patients in whom syncopal seizures were due to ventricular fibrillation 
was very variable. 

The subeutaneous administration of 0.3 me. of the drue resulted 
within three minutes, at one time, in an acceleration of the basic 
ventricular rate from an average of 38 beats per minute to 46. The 
auricular rates were barely influenced. Similar results followed the 
intramuscular injection with the same quantity of the drug, but the 
increase in the ventricular rate appeared after one minute and lasted 
fifteen minutes. 

On another occasion the subcutaneous administration of 0.5 me. of 
adrenalin was followed in one patient by an unusual sequence of events 
which deserves a detailed description. 

Before the injection the basic ventricular rate was regular and aver- 
aged 26 to 28 beats per minute. The auricular rate was 73 beats per 
minute (Fig. 1 A). The auricular complexes of the electrocardiogram 
were upright and alike from beat to beat. The ventricular complexes 
were also upright but varied occasionally in size, shape and form. 

One and a half minutes after the injection, the pulse at the wrist 
began to show coupling which persisted for twenty seconds and then 
there was a sudden pause. On listening over the apical region four 
distinet but progressively weaker heart sounds could be heard preceding 
this pause. At the same time the patient’s eyes closed, she lost con- 
sciousness, the face assumed a deathly pallor which was followed by 
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intense cyanosis, and this changed suddenly to a bright red flush of 
the face which coincided with a heart beat coming through at the pulse. 
This whole period lasted only fourteen seconds, following which the 
pulse became regular again for about another one and one-half minutes. 

The electrocardiograms recorded during the period of clinical bi- 
geminy (Fig. 2), showed the auricular rate to be 75 beats per minute 
and regular and the complexes all of the upright form. The com- 
plexes of the basie ventricular rhythm were of high voltage (Fig. 2 A, B) 
as compared with those prior to the use of the drug and, the T-waves 
were of unusual shape and form, becoming progressively larger in size 
from beat to beat (Fig. 2 C, D, EF). 


SSL 


Fig. 1.—(The time in all of these records is in fifths of a second.) <A, Before the 
injection of adrenalin, the auricular rate was 73 and the ventricular rate was 26. The 
auricular complexes are all positive. B, Fifteen minutes later the auricular rate was 
125 and the ventricular rate was 41. 3oth the T- and P-waves were markedly 
negative. 


During the absence of the pulse, the electrocardiograms showed ven- 
tricular oscillations of a variable voltage from beat to beat (1 to 20 mm. 
high) irregular in their time relationship to each other (Fig. 2 F, @) 
with a duration of from 0.04 to 0.28 seconds each. 

The auricular beats were not visible at this time. They reappeared 
irregularly as consciousness was restored when the ventricles assumed 
an almost regular rhythm and rate independent of their relation to 
the auricles (Fig. 2 H, L). The ventricular complexes were all slightly 
notched indicating probably that they arose from a different focus 
from that of the basic complexes. 

Three minutes after these events, the patient began to sigh heavily. 
On examining her pulse it was found to be more rapid than previously 
and at times coupled; frequently three and four successive but weaker 
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beats could be felt, only the first two, however, being audible at the 
apex of the heart. The rate increased progressively and the electro- 
cardiograms indicate this to be due to a recurrent grouping of ventricu- 
lar oscillations following rapidly the basic ventricular complexes 
(Fie. 3 A, B, C) with an auricular rate which now averaged 140 beats 
per minute (Fig. 3). 

After two minutes of this type of rhythm there again occurred an 
absence of the radial pulse which now lasted one minute and four see- 
onds (Fig. 4). 

The clinical syndrome this time resembled the characteristic Stokes- 
Adams seizures from which this patient suffered and which have been 
adequately described in another communication.'® 

The electrocardiograms again revealed a series of oscillations charac- 
teristic of ventricular fibrillation ending in spontaneous revival. Re- 
covery of the basic rate was preccded by an idioventricular rhythm with 
retrograde auricular beats, most of which were superimposed upon the 
T-waves of the preceding ventricular complexes. 

The ventricular rate, however, gradually increased to 41 beats per 
minute and the auricular rate to 125 before a period of ventricular 
tachysystole appeared fifteen minutes after the injection of adrenalin. 

At this time the auricular complexes were at first negative (Fig. 1 B) 
but later they became positive as the ventricles assumed an irregular 
rate of 60 to 115 beats per minute, with impulses which appeared to 
be rising from various foci in the ventricles, although most of them 
were downward in character as compared with the complexes of the 
basic rhythm (Fig. 5). 

Twenty minutes after the injection the ventricular rate returned to 
a level of 42 beats per minute (Fig. 6), and the auricles were beating 
at 125 beats before they suddenly began to fibrillate. The auricular 
fibrillation persisted for almost two hours following the use of adrenalin. 

For the ensuing three hours there were no more reeurrences of these 
irregularities described although the patient complained of persistent 
constriction of the chest for the rest of the day. 

Subsequent observations revealed that short periods of ventricular 
fibrillation could be induced in her with 0.5 me. of the drug given intra- 
muscularly even in the presence of partial heart-block with a two-to-one 
rhythm. 

However, at such times, the partial heart-block would be increased 
at first before there followed a gradual acceleration of both the auricular 
and ventricular rates leading eventually to the development of prema- 
ture beats of the ventricles. These at first occurred singly, then in 
groups and ended finally in ventricular fibrillation. The longest period 
of ventricular fibrillation with syneope recorded in this patient as a 
result of adrenalin administration was one minute and four seconds, 
followed by spontaneous recovery. 
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Transient auricular fibrillation, which persisted for two hours. 


Twenty minutes after the injection of adrenalin. 


Fig. 6. 
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In the second patient, in whom ventricular fibrillation was the 
mechanism responsible for syneopal seizures, the intramuscular admin- 
istration of 0.5 mg. of the drug resulted in a series of events similar 
to those deseribed above but in a more severe form. Short periods of 
syneope due to ventricular fibrillation varying in duration from fifty 
seconds to one minute and fourteen seconds, alternated with periods 
of regular rhythm with a ventricular rate which averaged from 60 to 
115 beats per minute. This sequence of events lasted for almost one 
hour before restoration of the basic rhythm took place. For the en- 
suing two hours there were recorded many premature beats of the 
ventricles, all of which, however, came through at the pulse. 

On another occasion, the subeutaneous administration of a similar 
dose resulted only in an increase of the basic ventricular rate to a few 
beats per minute above the normal. 

Finally, at a time when the patient had been in syneope for seven 
minutes and her respirations had ceased following a seizure of ventrien- 
lar fibrillation, 1 mg. of adrenalin was injected directly into the heart. 
About one minute later, a strong beat at the pulse was seen to coincide 
with a flush of the face. Respirations were not re-established, however. 
For the next minute the ventricular rate increased to 115 beats per 
minute only to be followed again by a short run of ventricular fibrilla- 
tion. Within the next thirteen minutes the heart rhythm, in the pres- 
ence of loss of consciousness and absent respirations, consisted of a series 
of rapidly reeurring periods of ventricular fibrillation alternating with 
a tachysystole of the ventricles, the end of which, however, could not be 
recorded graphically. Auricular fibrillation was never registered in 
this case. 

DISCUSSION 

The rational use of adrenalin in patients with auriculoventricular 
dissociation subject to Stokes-Adams seizures, depends upon an intimate 
knowledge of the mechanism responsible for the syncopal attacks. 

It is important to appreciate that where a reduction in the ventricular 
rate or ventricular standstill is the eause of cerebral anemia resulting 
in syncope, adrenalin is the drug of choice. In such instances it may 
be used effectively in doses of 0.5 mg. to 1 mg. given intramuscularly. 
Judging from the electrocardiograms, it produces its effects on the rate 
and rhythm of the heart within one to three minutes following the in- 
jection. The results obtained are an increase in the idioventricular rate 
primarily through a stimulation of the idioventricular pacemaker. This 
increase is sometimes regular and at other times irregular. It reaches 
its maximum beneficial effects rapidly and lasts as long as four and 
one-half hours, when the rate slows down, at times to a level lower 
than that of the basic rhythm. 

Even when the ventricular rate has already reached its basic level, 
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the repeated injections of adrenalin may prevent a slowing of the ven- 
tricular rate with resulting syncope. In patients with auriculoventricu- 
lar dissociation the drug does this by maintaining a threshold of en- 
haneed irritability of the auriculoventricular node. Excellent results 
have also been reported in such cases in which syncopal seizures have 
been prevented by the combined use of barium chloride’* with 
adrenalin.'* In cases refractory to adrenalin alone, the former drug 
increases the irritability of the idioventricular pacemaker and makes it 
more susceptible to the influence of adrenalin. 

In patients with Stokes-Adams seizures due to ventricular fibrillation, 
however, the ventricles as well as the idioventricular pacemaker are al- 
ready in a state of enhanced irritability. Therefore adrenalin is contra- 
indicated both during the period of syneope and during the intervals 
between attacks. Our experience does not support the suggestion made 
by Dock'® that small doses of the drug may cause ventricular fibrillation 
and large doses may arrest it. 

It is possible that the small doses used by Lutembacher’® where he 
observed ‘‘stoppage’’ of the heart and recorded a straight line in his 
polygraphic tracings also produced ventricular fibrillation, for both 
standstill of the ventricles and ventricular fibrillation give the same 
polygraphie records of the pulse during syncope, namely, a straight 
line indicating absent effectual contractions of the heart. 

It should be apparent from these studies that the response to adrenalin 
as judged by the changes in the heart rhythm and rates of these pa- 
tients is very variable from time to time. This variation is due neither 
to the drug nor to its mode of administration but probably to the state 
of irritability of the neuromuscular tissue of the heart. We have re- 
peatedly observed marked systemic reactions, such as violent tremors, 
profuse diaphoresis and high rises in blood pressure, in the absence of 
any effects of the drug upon the cardiae rhythm. 

Mention should be made here that our experience with the intramus- 
cular injection of adrenalin in such patients has been limited to cases 
where the slowest ventricular rate during a period of syneope has been 
6 beats per minute. It is obvious that absorption can take place in 
these cases as soon as the circulation is established, even by one effectual 
ventricular beat. It has been suggested that where complete standstill 
of the ventricles is responsible for syncope, adrenalin should be used 
intracardially, as has been done successfully by Levine and Matton*° 
in one of their patients in whom standstill of the ventricles was recorded 
following a long period of ventricular fibrillation. However, in view 
of the fact that we have observed the effects of adrenalin on the heart 
during a period of ventricular fibrillation to be the same intramuscu- 
larly as it was intracardially, it is probable that the drug influences the 
heart rhythm and rate in another manner than through the cireulating 
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blood stream, possibly through the sympathetic nervous system. Much 
more work will have to be carried out on this phase of adrenalin absorp- 
tion before we may be certain of how it reaches the heart from the 
periphery when the circulation is at a standstill. 

It may be questioned whether the electrocardiograms obtained in the 
two patients with syncopal seizures due to ventricular fibrillation fol- 
lowing adrenalin were due to the drug, rather than to the natural 
course of events in such patients. For the records obtained during syn- 
cope following adrenalin resemble in every respect those obtained when 
syncope occurred spontaneously.2, The progressive increase in the 
auricular rate during the premonitory period after adrenalin adminis- 
tration, the marked negativity of the P-waves following the fibrillatory 
period, the unusual tachysystole recorded before the restoration of the 
basic rhythm as well as the development of transient auricular fibrilla- 
tion, all support the contention that the drug was responsible for these 
events. None of these phenomena was noted to have come spontaneously 
in this sequence, in a study of over one hundred recorded seizures of 
transient ventricular fibrillation in this patient. 


SUMMARY AND CONCLUSIONS 


Four patients who had complete auriculoventricular dissociation and 
who were subject to syncopal seizures received adrenalin in varying 
dosages. In two of the patients the syneopal attacks were due to a 
slowing of the ventricular rate, while in the other two the syneopal 
seizures were associated with transient periods of ventricular fibrillation. 

The same dose of adrenalin was found to act variably at different 
times in the same patient when administered either subeutaneously or 
intramuscularly. 

Adrenalin was found to increase both the auricular and the ventricu- 
lar rates of the patients in whom the syneopal seizures were due to 
standstill of the ventricles. The increases in these rates were observed 
both preceding and during the Stokes-Adams attacks and were both 
regular and irregular in rhythm. The drug produced its effects pri- 
marily through a direct stimulation of the idioventricular pacemaker. 

Adrenalin induced short periods of transient ventricular fibrillation 
with syncope in two patients in whom the Stokes-Adams attacks were 
found to be due to ventricular fibrillation. In one of these patients the 
drug also produced auricular fibrillation and a tachysystole of the ven- 
tricles which lasted on and off for several hours at one time. 

In one patient with already established ventricular fibrillation the 
intracardiae injection of 1 mg. of the drug seemed to perpetuate the 
mechanism resulting in alternating periods of ventricular fibrillation 
with tachysystole lasting over thirteen minutes and ending in death. 

As a therapeutic measure adrenalin is a life saving drug in patients 
in whom syneopal seizures are due to a slowing of the ventricular rate. 
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It is distinctly contraindicated in those in whom the attacks are the 
result of ventricular fibrillation, and its indiscriminate administration 
in such patients may result in death. 


REFERENCES 


1. Erlanver, J.: On the Physiology of Heart-Block in Mammals With Special 
Reference to the Causation of Stokes-Adams Disease. Part II. On the 
Physiology of Heart-Block in the Dog, J. Exper. Med. 8: 8, 1906. 

2, Schwartz, S. P.: Transient Ventricular Fibrillation. A Study of the Electro- 
cardiograms Obtained in a Patient With Auriculoventricular Dissociation 
and Recurrent Synecopal Attacks, Arch. Int. Med, 49: 282, 1932. 

. Cullis, W., and Tribe, M. E: Distribution of the Nerves of the Heart, JJ. 
Physiol. 46: 141, 1915. 

4. Van Egmond, A. A. J.: Ueber die Wirkung eciniger Arzneimittel beim 
vollstandingen Herzblock, Arch. f. d. ges. Physiol. 154: 39, 1913. 

5. Routier, D.: Action de l’Adrenaline sur le coeur bloque du chien, C. R. Soe. 
de Biol. 78: 375, 1915. 

6. Hardoy, P. J., and Houssay, B. A.: Note sur 1’Action de 1’Adrenaline dans la 
Dissociation Auriculo-Ventriculaire, J. de physiol. et de path. Gén, 17: 605, 
1917-1918. 

7. Danielopolu, D, and Danuleseu, V.: Action de 1’Adrenaline dans la bloquage 
compléte du coeur, C. R. Soe. de Biol. 79: 861, 1916. 

8. Danielopolu, D., and Danulescu, V.: Action de 1’Adrenaline dans la Dissocia- 
tion Auriculo-Ventriculaire incompléte, C. R. Soc. de Biol. 79: 105, 1916. 

9. Arrilaga, F. C.: Abstract, Arch. d. mal. du coeur 13: 370, 1920. 

10. Lutembacher, R.: Action de ]1’Adrenaline sur le coeur en état de Dissociation 
Auriculo-Ventriculaire, Arch. d. mal. du coeur 18: 345, 1920. 

11. Strissower, R.: Pharmacalogische Beinflussung des Pulses bei einem Fall von 
Herzblock, Wein. klin. Wehnschr. 33: 269, 1920. 

12. Phear, A. G., and Parkinson, J.: Adrenalin in the Stokes-Adams Syndrome, 
Lancet 202: 933, 1922. 

13. Feil, H.: The Use of Epinephrin in the Stokes-Adams Syndrome, J. A. M. A. 
80: 26, 1925. 

14. Parkinson, J., and Bain, C. W. C.: The Adrenalin Treatment of Stokes-Adams 
Disease, Laneet 207: 311, 1924. 

15. Korns, H. M., and Christie, C. D.: Note on the Use of Epinephrin in Heart- 
Block, J. A. M. A. 79: 1606, 1922. 

16. Schwartz, S. P., and Jezer, A.: Transient Ventricular Fibrillation. The Clinical 
and Electrocardiographic Manifestation of the Syncopal Seizures in a Pa- 
tient With Auriculoventricular Dissociation, Arch. Int. Med. (In press.) 

17. Cohen, A. E., and Levine, 8. A.: Beneficial Results of Barium Chloride on 
Adams-Stokes Disease, Arch. Int. Med. 36: 1, 1925. 

18. Price, F. W., and Nisse, 8S. B.: The Treatment of Adams-Stokes Syndrome Due 
to Auriculoventrieular Block, AM. Heart J. 5: 197, 1929. 

19. Dock, W.: Transitory Ventricular Fibrillation as a Cause of Syncope and Its 
Prevention by Quinidine Sulphate, Am. Heart J. 4: 709, 1929. 

20. Levine, S. A., and Matton, M.: Observations on a Case of Adams-Stokes Syn- 
drome, Showing Ventricular Fibrillation and Asystole Lasting Five Minutes, 

With Recovery Following the Intracardiae Injection of Adrenalin. Heart, 
12; 271, 1925. 


AURICULOVENTRICULAR NODAL PAROXYSMAL TACHY-. 
CARDIA AND AURICULAR FLUTTER. 
CASE REPORT* 
F. B. Carr, M.D.. 
WorRcEsTER, Mass. 


HE purpose of this paper is to present a very unusual example of 

cardiac arrhythmia observed in a patient admitted to the Worcester 
City Hospital because of an acute bronchopneumonia. The electro- 
cardiographie diagnosis was auriculoventricular nodal paroxysmal 
tachycardia, interrupted at varying intervals by auricular flutter with 
varying degrees of heart-block. A-V nodal paroxysmal tachyeardia is 
of itself a rather rare form of arrhythmia, having occurred only four 
times in a series of 10,000 patients (0.04 per cent) whose electrocardio- 
grams were recorded at the Massachusetts General Hospital over a 
period of sixteen years (1914-1930)... At the Mayo Clinic over a period 
of nine years (1914-1923), 102 cases of paroxysmal tachyeardia were 
electrocardiographed. Only three of these had an R-P interval as 
demonstrated in the case to be discussed.2 However, the case which 
we are presenting has its claim to distinction in the fact that the nodal 
rhythm is interrupted by short runs of flutter, with varying block. No 
exactly parallel case has been observed in a careful search of the litera- 
ture. P. D. White describes the course of a patient who had auricular 
flutter which digitalis converted to auricular fibrillation and then to a 
rhythm which had its origin in the A-V junctional tissues.* W. E. 
Hume, by means of the polygraph, was able to demonstrate, in two 
eases of diphtheria, the transition of an A-V nodal rhythm (not 
paroxysmal tachyeardia) into auricular flutter, terminating in death 
for the patients.‘ Two cases which to some extent approach the case 
at hand have been reported by Géraudel. These patients were ob- 
served over a period of from two to four years. Tracings at certain 
periods showed rhythm simulating either a nodal tachycardia or an 
auricular tachyeardia. At other times flutter with 2-1 block was found 
and oceasionally a third phase was recorded in which there would be 
eroups of two, three, and four ventricular complexes similar to those 
each with its own auricular or 


found in the period of tachyeardia 
nodal origin. Then would come two auricular contractions to one of 
the ventricular contractions (flutter with 2-1 block) seemingly linking 
up the two phases. In view of these findings the author drew the con- 
clusions that paroxysmal tachyeardia did not exist at all but was simu- 
lated by a flutter with a 1-1 response.* There can be no question of 
the distinction of the two rhythms in the case at hand (i.e., A-V nodal 
paroxysmal tachyeardia and auricular flutter). 


*From the Department of Cardiology of the Worcester City Hospital. 
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CASE REPORT 


History.—The patient, a forty-three-year-old married man, entered the Hospital 
on September 15, 1931, having been sick five days at home. He complained chiefly 
of pain in the left upper chest. Five days previously he was playing with his 
dog when he was seized with a sharp pain over the tops of both shoulders. There 
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Fig. 3.—Electrocardiogram after quinidine sulphate showing auricular flutter with 
two-to-one block. 


Fig. 4.—A-V nodal paroxysmal tachycardia before atropine sulphate. 

Fig. 5.—Auricular flutter with two-to-one and three-to-one block, one minute after 
atropine sulphate. 

Fig. 6.—Return to normal rhythm, four minutes after atropine sulphate. 
were no chills, cough, or pain on respiration. This pain lasted three to four days 
and was not severe enough to make him go to bed. The following day he felt a 
tightness in the left axillary line at the level of his heart and had some difficulty 
in breathing. Two days before admission to the hospital he commenced to cough 
a bit and felt feverish. 
Family History.—ITrrelevant. 
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Past History—He had rheumatic fever at fifteen years of age, at which time 
he was laid up for one year. Since then he has never had dyspnea, edema, pre- 
cordial pain or distress, or any symptoms suggestive of cardiac failure. He has, 
however, as long as he can remember, been conscious of marked variations in his 
pulse rate. Particularly after exercise, such as golf, is he conscious of a very 
rapid pounding of his heart. This palpitation may suddenly stop of its own ae- 
cord; at other times he is able to terminate the attack by holding his breath or 
by bending forward. Aside from this abnormality the patient has always been well. 
Physical Examination.—A middle-aged man with flushed face sitting up in bed 
breathing rapidly. His temperature was 101°, pulse 134 and regular, respirations 40. 
Examination of the lungs showed dullness to percussion at both bases with coarse 
rales extending up to the angles of the scapulae. These signs were more extensive 
on the left than on the right. No points of consolidation were made out. The 
heart was thought to be enlarged to percussion. The sounds were of good quality. 


Fig. 7.—Showing patient’s normal rhythm at the follow-up visit. 


No murmurs were heard. The blood pressure was 140 mm. systolic and 100 
diastolic. Physical examination was otherwise not abnormal. 

Laboratory Findings.—The urine examinations were normal. The white blood 
cell count was 18,000. The sputum contained group IV Pneumococcus. The basal 
metabolism was not elevated. The Wassermann reaction was not recorded. 

Progress.—The temperature and respirations gradually fell to normal over a 
period of six days. For the next few days the patient’s pulse rate was quite 
variable. Sometimes it would be 130 to 140; at other times it would be 70; some- 
times it would be irregular; other times regular. The patient insisted if he were 
allowed to get up his heart would return to its normal condition. Consequently 
on the seventh day following the drop in temperature he was allowed up. As he 
had predicted, his pulse became quite regular with only occasional paroxysms of 
tachyeardia. Although the diagnosis in this case was acute bronchopneumonia 
the patient was given digitalis perhaps rather empirically. With the fall in tem- 
perature on the sixth day digitalis was omitted. He had received 19% grains. 
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There had been no other medication of note. He was discharged on the four- 
teenth day. 

The patient came to the hospital November 23, 1931 (eight weeks after his dis- 
charge) for a follow-up visit. He stated that he was feeling very well indeed, At 
night he might have an oceasional attack of palpitation just after getting into 
bed. The attack would last only a few minutes and seemed never to oceur during 
the daytime. Examination of the heart revealed no further abnormalities than 
found at the previous examination. An electrocardiogram was taken, the three 
leads of which are to be seen in Fig. 7. 


ELECTROCARDIOGRAPHIC OBSERVATIONS 


Our observations on the patient’s cardiac abnormalities were made 
from the time his temperature fell to normal on the sixth day. The first 
electrocardiogram was taken on the sixth day. (Fig. 1. Part 2 is a eon- 
tinuation of Part 1.*) The initial rhythm is a tachycardia (rate 160) 
with an impulse arising at or near the A-V node (i.e., an A-V nodal 
tachyeardia). The wave of origin of the impulse is incorporated in the 
QRS complex and there is a retrogression of the impulse into the auricle 
to produce an inverted P-wave directly following the QRS, thus pro- 
ducing an R-P interval. This type of tachyeardia is interrupted at one 
point by a paroxysm of auricular flutter first with a 4-1 block and then 
a 3-1 block. The next complex is an escaped ventricular beat. Follow- 
ing this is a contraction whose origin is supraventricular, though not at 
the usual site in the S-A node. (Compare normal rhythm in Fig. 7.) 
Next there appears a premature ventricular beat following which the 
heart returns to its normal S-A rhythm, but for two contractions only. 
A premature auricular beat intercedes, coming from an ectopic focus. 
Shortly later there appears another paroxysm of auricular flutter which 
seems to be initiated by a premature auricular beat. First there is a 

. 3-1 block and then 4-1 and 3-1 block. Finally the heart reverts to a 
typical A-V nodal paroxysmal tachyeardia. 

Effect of Vagal Pressure.—Pressure on the right carotid sheath was 
applied at a time when the heart was responding to the nodal focus 
(Fig. 2). A condition of ventricular standstill was produced which 
lasted for a period of 6.2 seconds. During this period there was an 
isolated P-wave followed by a regular action of the auricle at a rate of 
about 300 per minute. This situation did not bother the patient sub- 
jectively. He stated that he felt dizzy. He did not lose consciousness. 
This was the only time that we were able to produce such a vagal effect. 

Effect of Quinidine Sulphate.—After taking the above electrocardio- 
erams, twelve grains of quinidine sulphate were given, with no change 
in the rhythm. Fifteen grains were given on each of the next two 
days. On the third day the rate was found to be 150 and apparently 
regular. The patient was then given twenty-one grains of quinidine, at 
which point he complained of ringing in the ears. He was conscious 


*Lead II is used in the figures except where otherwise indicated. 
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(more so than usual) of his heart’s beating and complained that he had 
felt worse since the quinidine treatment had been instituted. A tracing 
was then taken (Fig. 3) showing a slight irregularity of incidence of 
the ventricular contractions at a rate of 150 to the minute. A flutter 
with a 2-1 block is the dominant rhythm and no instance of the A-V 
nodal rhythm was found. Deep breathing did not affect this tracing. 
Vagal pressure served temporarily to increase the block to 4-1 and then 
to 3-1. We were unable to obtain a normal sinus rhythm after moder- 
ate doses of quinidine sulphate. 

Effect of Atropine Sulphate——On the following day the electrocardio- 
gram showed a return to A-V nodal paroxysmal tachyeardia (Fig. 4). 
Atropine sulphate 1/100 grain was injected subcutaneously. In one 
minute there was a flutter with block changing from 2-1 to 3-1 (Fig. 5). 
This persisted for three more minutes when the heart returned to a 
normal sinus rhythm (Fig. 6) with an occasional premature nodal beat 
at a rate of 100. After six minutes the normal rhythm was displaced 
by a flutter with varying block. Forced expiration would sometimes 
convert the flutter to a normal rhythm. 

Atropine was given, grains 1/100 by mouth, every four hours for 
forty-eight hours and then reduced to grains 1/150 every four hours 
and a tracing taken on the third day following. Considerable irregu- 
larity of the heart beat was still present. The cardiogram showed a 
tendency to coupling with a normal sinus beat followed by a premature 
auricular beat though at times the rhythm became normal or would 
change to the nodal tachyeardia. 


DISCUSSION 


This patient evidently had a very irritable heart. The role of the 
pacemaker is at times usurped by a focus of rapid impulse for- 
mation at or near the A-V node. At other times this nodal focus is 
supplanted by a foeus higher up in the auricle where there is a regular 
circus movement forming impulses twice as fast as the nodal focus (the 
interval between ventricular beats in the periods of tachyeardia, repre- 
senting the intervals between nodal impulses, is twice as long as the 
interval between P-waves in the stages of flutter). A flutter with 2-1 
and increasing block then develops. Apparently there are two areas of 
abnormal impulse formation, the one in the A-V node causing a 
paroxysmal tachyeardia, the other focus occurring higher up and in- 
stituting a state of flutter. First one area comes into control, then is 
gradually displaced by the other area. A very disordered heart beat 
results. 

Vagal pressure may exert a greater effect in A-V rhythm than in 
S-A rhythm." Vagal stimulation in this case produced a 29-1 block, 
the auricle contracting twenty-nine times in response to the upper 
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focus. The auricular rate is the same as at the periods of flutter gseat- 
tered through the runs of nodal tachycardia. 

The S-A node though greatly depressed has not lost its function as 
evidenced by the occasional instances of normal sinus rhythm. Atropine 
by its paralyzing action on the vagus nerve endings seems to remove 
this inhibition, allowing the S-A node to resume its normal réle for 
short periods of time. However, its reign is apt to be terminated at 
any moment by the return of control by the ectopic foci. 


SUMMARY 


A ease of peculiar cardiac arrhythmia is reported in a man forty- 
three years old, and electrocardiograms showing the mechanism of the 
disordered heart beat are presented. The dominant rhythm is an 
auriculoventricular nodal paroxysmal tachyeardia which at varying in- 
tervals becomes displaced by an auricular flutter with changing block. 
The effects of vagal pressure, quinidine sulphate, and atropine sulphate 
on this disordered rhythm are demonstrated. 


The author of this paper wishes to acknowledge the kind assistance of Dr. P. D, 


White of Boston in reporting this case, and the interest of Dr. G. M. Albee of 
Worcester whose patient it is who forms the subject matter for this report. 
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ACUTE PULMONARY EDEMA 
Rerort oF A Case Witn Avutorsy* 


A. FreunpD, M.D., AND Warren B. Cooksey, M.D. 
Derrort, Micn. 


HIS term was first used by Huchard' in 1897 to deseribe the case of a 

patient suffering from a cardiae condition complicated by sudden 
and severe attacks of edema of the lungs. Numerous writers since then 
have written of this condition under various captions as cardiae asthma, 
paroxysmal acute dyspnea and paroxysmal dyspnea of hypertension. 
Palmer and White? in an excellent summary described it as a ‘‘con- 
dition of paroxysmal acute dyspnea, generally occurring at night, but 
sometimes following exertion, lasting from minutes to hours and aeceom- 
panied by a sense of suffocation, by wheezing and often by cough with 
frothy sputum which may or may not be bloody and which is due funda- 
mentally to serious heart disease, especially involving the left ventricle, 
the attack being characteristically relieved by morphine.”’ 

Just as the terminology describing these attacks has differed, so has 
the exact nature of the attack and the causation been subject to various 
interpretations. The earliest and most outstanding experimental work 
was done by William Henry Welch® in 1878, in which he injured the 
left ventricle of rabbits producing a pulmonary edema. According to 
Welch, the condition is one in which ‘‘A disproportion exists between 
the working power of the left ventricle and of the right ventricle of 
such a character that, the resistance remaining the same, the left heart 
is unable to expel in a unit of time, the same quantity of blood as the 
right heart.’’ Cohnheim at once supported this theory but Sahli and 
Grossman criticized it though they offered no experimental evidence to 
refute it, nor any equally satisfactory explanation. Vaquez considers 
several possible causes, the mechanical, the angioneurotic, the toxic and 
the mixed forms. He favors apparently the idea that most of the at- 
tacks can be laid directly to failure of the left ventricle. Pratt,° in a 
review of thirty-nine cases of cardiac asthma, feels that a peripheral 
vasomotor disturbance is a strong factor in many cases, and also sug- 
gests that there may be an element of bronchial spasm present. The 
opinion of Palmer and White is that left ventricular strain and failure 
cause, with increased blood flow, a stasis of blood in the pulmonary 
circulation, the right ventricle sending too much blood for the left 
ventricle to take care of. Practically all writers agree that the one most 
important associated finding in all eases of acute pulmonary edema is a 

*From the Medical Service, Harper Hospital, Detroit, Michigan. 
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marked coronary sclerosis. This interferes with coronary flow, causes 
myocardial ischemia and failure on the part of the ventricle to maintain 
a required output. 

This paper does not concern itself with the pulmonary edema of 
cardiac decompensation accompanying valvular disease, nor do we refer 
to the gradually developing edema seen in the failing heart of myo- 
carditis either of the fibrous or infectious type. Edema of the lunes 
occurring in allergie eases, chronic infections, bronchitis and so-called 
angioneurotic conditions differs clinically and symptomaticaily from the 
acute or paroxysmal type. The condition is fundamentally the result of 
sudden left ventricular overstrain plus acute myocardial failure with 
all the concomitant symptoms of complete collapse. The ashen pallor, 
urgent dyspnea, cold surface, clammy sweat, rapid pulse, fall of ten- 
sion and hopeless expression of the patient, create a singular picture 
seen in no other form of pulmonary edema. Recovery from the seizure 
is equally striking. The patient’s sensation of relief from overpowering 
oppression, the cessation of sweating, the return of body warmth, are 
soon followed by a lessening of the tachycardia, a fuller pulse, a return 
of color and a gradual vanishing of the dyspnea and signs of pulmonary 
edema. The attack may be very mild, so slight that only the patient 
senses a feeling of difficult breathing and perhaps some alarm. If the 
seizure progresses it may develop with aggravating intensity and re- 
sult in death in a few minutes. The entire episode may be over in a few 
minutes, or it may progress with alarming intensity, reach its climax, 
slowly subside and be completely over in an hour. 

After repeated attacks, the period of recovery is prolonged. How- 
ever, when all the features have vanished, no objective or physical signs 
remain or even suggest that the patient has passed through a critical 
seizure. Though this condition is not infrequent in practice, the oppor- 
tunity for prolonged observation and for intensive clinical study of a 
case of acute pulmonary edema is not common. 

In the report given below not only was the patient seen prior to his 
initial attack but in each subsequent seizure it was possible to make 
clinical and electroeardiographie studies, observe the factors that pre- 
cipitated each attack and note the effects of various forms of medica- 
tion. Supplementing the prolonged observation of this case, the autopsy 
findings revealed definite changes that supported the explanation of 
left ventricular myocardial damage. 


CASE HISTORY 


Male, aged sixty-two years, married, merchant, c*me for physical examina- 
tion for the first time in 1916. He felt perfectly well but expressed the desire to 
have regular and complete examinations. Noteworthy in his family history were 
the facts that his mother, aunt and uncle had died of diabetes and that his father 
and brother had died of coronary disease. One sister was living and well. There 
was nothing of importance in his past or personal history. There was no history 


of rheumatism, and syphilis was denied. At the time of the initial examination, 
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a mild hypertension, 150 systolic and 90 diastolic, was recorded. There was no 
evidence of cardiac enlargement. On subsequent occasions during the next six 
years the blood pressure was recorded at various heights, the maximum ever 
found was 184 systolic and 110 diastolic. Several times traces of albumin and a 
rare hyaline cast were reported in the urine. 

In 1922 the patient complained for the first time of pain in his chest radiating 
into the left arm, made worse by exertion and accompanied by fear of possible 
consequences. Whether the angor animi was spontaneous or due to the patient’s 
knowledge of symptoms of the disease, could never be determined. During the 
next few years the increasing frequency and severity left no doubt of the fact 
that these were attacks of stenocardia on the basis of a coronary sclerosis. With 
this in mind general directions concerning restrictions in activity, mental strain, 
diet and habits together with instructions with regard to the use of nitroglycerine, 
were given. In 1925, he had his first paroxysm of acute pulmonary edema. It 
came on with exercise; it was relieved by one-fourth grain of morphine. Two 
years elapsed before he had a return of a similar condition though in the mean- 
time he continued to have anginal attacks of varying intensity. He carried 
nitroglycerine constantly and used it liberally with benefit. In 1927 he began 
having attacks of pulmonary edema more frequently so that between that time 
and his death in October, 1930, he was seen in some attacks of great severity. 

Physical examination revealed a small man weighing 65 kg. His skin was smooth 
and dry and his musculature was poorly developed. There was slight enlarge- 
ment of the heart to the left and downward. The sounds were clear; the aortic 
second was moderately accentuated. Where was normal vesicular breathing 
throughout the lungs. The edge of the liver could be felt on deep breathing. 
The abdomen was otherwise normal. Though his blood pressure maintained a 
higher level up to 1925, after that it gradually fell, averaging during the last five 
years 150 systolic and 100 diastolic. The blood count was normal. The Wasser- 
mann test was negative. X-ray films revealed a slight enlargement of the left 
ventricle. There was no change in appearance of the aortic shadow. The lung 
fields were clear. There was moderate hilus infiltration. The phrenocosto angles 
were clear. Electrocardiograims revealed changes indicating marked disease of 
the coronary arteries. 

Course of the Disease-—Although the patient suffered almost daily attacks of 
stenocardia from 1927 up to his fatal seizure in 1930, he nevertheless remained 
active in business and continued with moderate exercise. He played golf in pleas- 
ant weather and spent much leisure time at cards. Neither moderate work nor 
recreation were harmful. Physical and emotional strain precipitated attacks. 
Overeating and excessive smoking had a similar effect. Yet the patient knew his 
limitations and nianaged to live within them. He took a philosophic view of his 
condition and tried to avoid those forms of excitement, overactivity, and over- 
indulgence that would precipitate stenocardia. However, he chose moderate free- 
dom to excessive restraint, preferring to control the pain with nitroglycerine. 
This was accomplished effectively with 1/100 grain of nitroglycerine which the 
patient repeated sometimes at fifteen-minute intervals. 

During the last three vears of his life, attacks of acute pulmonary edema also 
became increasingly frequent. The attacks of edema were not necessarily asso- 
ciated with stenocardia. At the same time attacks of angina of varying intensity 
frequently developed without any evidence of either edema or dyspnea. In fact, 
from this case, it is evident to us that severe attacks of stenocardia can occur 
even in the presence of a badly damaged left ventricle without producing acute 
pulmonary edema. The fatal attack was precipitated by intense emotional ex- 
citement. In this last attack he was sitting in his chair speaking with friends. 
He was under decided emotional stress when without warning he complained of 
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distress in his chest, developed rapid labored asthmatic breathing, grew ashen 
pale and died immediately. 

During an attack, the heart sounds were usually obscured by coarse rales heard 
everywhere in the chest. His extremities were cold, his skin slightly cyanotie 
and an expression of extreme anguish developed. He was usually propped up in a 
semisitting position, hardly able to speak and struggling for every breath. Cardiac 
dilatation could not be demonstrated by physical or fluoroscopic examination: and 
there was never any elevation of blood pressure. Occasionally there would be a 
ten or fifteen point fall in both the systolic and diastolic levels. 

For the relief of these attacks many different substances such as amyl nitrate, 
nitroglycerine, adrenalin, caffeine sodium benzoate and digitalis were tried, but 
were always found ineffective. Morphine in doses of 1/6 to 1/2 grains was in- 
valuable and often within a few minutes would bring such complete relief that 
all rales would entirely disappear from the chest and the patient would lie down 


with comfort. Bed rest for a few days following and digitalis between the at- 
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Fig. 1.—Electrocardiographic studies before, during, and after a typical severe attack. 
Note the marked fall of amplitude almost entirely in the left axis. 


tacks seemed effective in preventing their occurrence. Unfortunately, it was 
impossible to restrict this patient as fully as was desirable. He preferred death to 
complete invalidism and refused many of the essential physical and emotional 
restrictions. 

Electrocardiographic studies were made during a typical attack and the findings 
will be noted in Fig. 1. In the tracing taken one week before this attack, the 
marked S8-T change, the diphasie T, and T., and the slightly increased intraven- 
tricular conduction will be noted as indicative of marked coronary disease. At 
the onset of the attack there is apparent a fall of voltage of the QRS, and in- 
creased rate and ventricular extrasystoles. As the attack progresses the height 
of the R-wave falls very perceptibly, chiefly in Lead I and even after sixteen 
hours have elapsed, there is evident considerable left ventricular weakening as 
judged by the fall in height of R, and R.. 

Autopsy revealed nothing of importance except in the cardiovascular system. The 


heart weighed 575 grams. On the posterior wall of the left ventricle, a flabby, 
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softened, pale area 4.5 by 6 cm, was seen. On sectioning, this proved to be an 


, of old healed infarction. The wall at this point was only 0.5 em. in thick- 


areé 
ness, Whereas the wall of the remainder of the left ventricle was 2.5 em. in thick- 
ness. The valves of the heart were normal. The coronary arteries were markedly 


selerosed throughout. The wall of the right ventricle appeared quite normal and 
measured 0.6 em. in thickness. Fig. 2 shows the large fibrotic area in the left 
ventricle. There were moderate arteriosclerotic changes in the aorta and in all 
the smaller arteries throughout the body. The lungs were negative. The kidneys 
showed a moderate degree of vascular change. It was evident that this marked 
weakening of the wall of the left ventricle was the basis for the attacks of acute 
pulmonary edema. 

Physical or emotional strain, by increasing the heart rate or elevating the 
blood pressure, threw an additional load upon the ventricles, already subject to 
diminished coronary flow. As a result there developed an excessive strain of 


the damaged and already deficient left ventricle, causing that chamber of the 


Fig. 2.—Section of heart showing thin, fibrotic area of healed infarct. (A) Lateral 
wall of hypertrophied left ventricle. (B) Healed infarct in posterior wall of left ven- 
tricle. (C) Region of ventricular septum. 


heart to lag behind the right ventricle. Arterial output fell behind, pulmonary 
stasis quickly formed; engorgement and edema resulted. This is in accord with 
the theory first advanced by Welch and now generally accepted, namely, that the 
most frequent cause of attacks of acute pulmonary edema is left ventricular 


failure with ensuing disproportion between right and left chambers. 


SUMMARY 


A ease is presented which offers detailed clinical and electroeardio- 
graphic study of the nature and causation of attacks of acute pulmonary 
edema. Autopsy findings substantiate the clinical diagnosis and are 
further verification of the accepted theory of the cause of this syndrome. 
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BUNDLE-BRANCH BLOCK WITH PERIODS OF NORMAL 
INTRAVENTRICULAR CONDUCTION: REPORT OF AN 
UNUSUAL CASE* 


ALBERT H. Evuiot, M.D., FRANKLIN R. Nuzum, M.D. 
SANTA BARBARA, CALIF. 


EVERE grades of delayed intraventricular conduction are usually 
W permanent and are commonly regarded as indicative of pathologieal 
changes of the myocardium. It is not generally recognized that such 
conduction disturbances may be primarily functional in nature and 
transitory in occurrence. Herrmann and Ashman,' in a recent review 
of this subject, collected ten eases from the literature in which the intra- 
ventricular conduction time was found to vary at different periods of 
observation. They report in detail eight instances of their own. Three 
of these were remarkable in that a complete change from bundle-branch 
block to normal intraventricular conduction occurred during the period 
of a single cardiac cycle in response to simple maneuvers (breath hold- 
ing, slight exercise). Wenekebach and Winterberg? published tracings 
obtained from a girl eleven years of age which usually showed partial 
A-V block with a P-R interval of 0.22, together with altered ventricular 
complexes which they regarded as indicative of right bundle-branch 
block. Slight exercise was sufficient to induce a 2:1 A-V block and to 
cause complete disappearance of the intraventricular conduction delay. 
At autopsy there was slight struetural alteration of the conduction sys- 
tem hardly sufficient in degree to account for the pronounced changes ob- 
served in the electrocardiogram. This observation is of particular inter- 
est because it indicates that profound intraventricular conduction dis- 
turbances may be primarily of a functional nature. It is of course evi- 
dent that the prognosis in such instances might be favorable. 

We wish to describe a patient without cardiac symptoms in whom 
there occurred abrupt changes from bundle-branch block to normal intra- 
ventricular conduction, both spontaneously in combination with transi- 
tory 2:1 A-V block, and in the absence of such block, as the result of in- 


direct vagal stimulation. 


CASE REPORT 


The patient was an obese white man sixty-six years of age who presented himself 
for general physical examination. He had no complaints. His hereditary baek- 
ground was good; his parents had lived to old age. He had had uncomplicated 
scarlet fever at twenty-two years of age, and gonorrhea at twenty. Syphilis was 
denied. There was no history of rheumatie fever, chorea or tonsillitis. He was 
fairly abstemious in his habits with the possible exception of a cigarette consump- 
tion of 15 daily. He had previously been an executive in a large industrial concern, 
but of late years had led a life of comparative ease. A recent death in the family 

*From the Santa Barbara Cottage Hospital, Santa Barbara, Calif. 
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had taken its toll of worry and unhappiness, but at the time of our examination his 
equilibrium had returned. 

Examination —The patient was an alert individual of sthenie habitus, 5. feet 
6 inches tall and weighing 199 pounds. There was no objective evidence of cireula 
tory embarrassment. The radial pulses were synchronous at 76 per minute, the ac 
cessible arteries soft, and the blood pressure was 128/74 mm. The apex beat was 
not palpable. No thrills were felt. Percussion elicited a normal eardiae configura 
tion, but the left border was 1.0 em. lateral to the midelavieular line in the fifth 
interspace. The heart sounds were distant and the quality was good except for slight 
roughening of the first sound at the apex. By fluoroscopy the lungs were normal 
and the diaphragm was situated rather high in the thorax. The cardiac pulsations 
were moderately vigorous, the aorta was not widened or elongated, and the retro 
eardiae space was clear, By orthodiagraphic measurement the right heart border 
was 5.0 em. from the midline and the left 11.0 em., giving a transverse cardiac diam 
eter of 16.0 em. which was greater than his caleulated normal transverse diameter of 
14.2 em. (Eyster’s method). 

Laboratory Examination—There were no abnormalities of the microseopie and 
chemical examinations of the blood and urine. The blood Wassermann reaction was 


negative by the Kahn and Kolmer technies. 


ANALYSIS OF ELECTROCARDIOGRAMS 


During the examination of this patient a slight transitory pulse ir- 
regularity was noted. An electrocardiogram was immediately taken in 
the usual manner (Fig. 1). The tracing showed a regular auricular 
rhythm of 75 per minute. The greater number of the ventricular com- 
plexes satisfied the criteria for the diagnosis of right bundle-branch 
block (old terminology), namely, the form of left axis deviation, and 
slurring, notching, and widening over 0.1 of the QRS eroups in all 
leads with T directed oppositely to the major deflection. In Lead I the 
third ventricular beat was dropped and the ventricular complex follow- 
ing the fourth P-wave at an interval of 0.2 showed a pronounced change 
in configuration. The slurring and notching of QRS had disappeared 
and the QRS interval had narrowed to 0.08. The next two beats showed 
a return of bundle-branch block configuration after which 2:1 A-V 
block with constant P-R interval of 0.2 was established, halvine the 
ventricular rate to 37.5 per minute. For the duration of this bloek. a 
period of several minutes, the intraventricular conduction disturbance 
did not recur. With its spontaneous disappearance and return of the 
ventricular rate to 75 per minute bundle-branch block reappeared 
(Lead II). In Lead III a dropped beat was recorded followed by one 
ventricular complex having a normal intraventricular conduction time. 
Three months later another tracing was obtained. No spontaneous 
changes in either A-V or intraventricular conduction were recorded. 
All the ventricular complexes had the bundle-branch block configuration. 
However, in response to pressure over the vagi in the neck, an abrupt 
transition to normal intraventricular conduction occurred (Fig. 2). The 
heart rate before this maneuver was 78.7 beats per minute. As the re- 
sult of vagal pressure, the rate slowed to 56.6 per minute at which time 
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the bundle-branch block disappeared. During five such beats the rate 
gradually increased to its previous level at which point the bundle-branch 
block was abruptly reestablished. The P-R interval remained’ constant 
at 0.2 throughout. 

It should be noted that exercise had no effect upon the intr ventricular 
conduction time. 


DISCUSSION 


The classification of bundle-branch block as to type is of much theo- 
retical interest. The reader is referred to the paper of Herrmann and 
Ashman for an excellent discussion of the nature of partial bundle- 
branch block and of the diagnostic criteria for its identification as to 
type. 

In this instance the classification of the block could not be made from 
the first tracing alone. The fact that the A-V block was manifestly of 
type 2, shown by the dropped beats and establishment of 2:1 rhythm 
without prolongation of the P-R interval, gave no information as to the 
exact type of conduction disturbance present in the bundle. In the see- 
ond tracing, however, there was’ recorded, as in the first three cases of 
Herrmann and Ashman, an abrupt transition within the space of a 
single cardiae eyele from bundle-branch block to normal intraventricular 
eonduction. This makes it clear that the bundle-branch block was defi- 
nitely of type 2 and as such is the fourth instance of its kind to be 
reported. 

The fact that the transition in this instance occurred only with cardiac 
slowing would seem to indicate that the bundle-branch block was ovri- 
marily the result of fatigue of the conduction system and that the de- 
pressed tissue was probably of very small extent. Such a conception is 
borne out by the fact that the patient had neither cardiac symptoms nor 
a clinically diagnosable heart lesion beyond a moderate hypertrophy. 
There seems furthermore to have occurred in this patient an improye- 

_ ment in the physiological state of the conduction system over a period of 
three months as evidenced by the disappearance of the spontaneously oe- 
eurrine 2:1 A-V block. It does not seem unreasonable to hope that in 
time the intraventricular conduction disturbance may likewise disap- 
pear. We shall watch the future course of this patient with great 
interest. 

SUMMARY 


The electrocardiographic tracings taken from a sixty-six-vear-old man 
who had no cardiac symptoms showed a typical bundle-branch block 
which abruptly disappeared with the spontaneous occurrence of 2:1 
A-V block, and which disappeared after cardiac slowing, the result of 
indirect vagal stimulation. 

This is the fourth instance of proved type 2 bundle-branch block to 
be reported. 
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It is believed that the conduction disturbance in this instance was 
primarily the resuit of fatigue of the bundle and that the depressed 
tissue was small in extent. 
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Selected Abstracts 


Hamilton, W. F., Spradlin, M. C., and Saam, H. G.: An Inquiry Into the Basis of 
the Acetylene Method of Determining the Cardiac Output. Am. J. Physiol, 
100: 587, 1932. 

An attempt is made to evaluate the acetylene method of determining the car- 
diac output. The authors believe that while there seems to be an agreement 
between the acetylene method and the Fick procedure in determining the eardiae 
output that the acetylene method produces readings which are too low and that 
the source of error lies in the difficulty in determining the samples of air before 


the acetylene gas returns to the rebreathing chamber. 


Kouwenhoven, William B., Hooker, Donald R., and Langworthy, Orthello R.: The 
Current Flowing Through the Heart Under Conditions of Electric Shock. Am. 
J. Physiol. 100: 344, 1982. 


The purpose of the experiments described in this paper was to ascertain the 
proportionate value of total electric current which actually flows through the 
heart when contact at various points on the body is made with the cireuit and 
to determine the minimum current necessary to establish ventricular fibrillation. 
Dogs completely anesthetized with morphine and ether were used as experimental 
animals because the ventricles of the dog’s heart are readily thrown into a 
permanent state of fibrillation by the application of relatively weak currents 
as is assumed to be the case in man. 

It was found that 9 or 10 per cent of the total current passing through the 
body flows through the heart for a current pathway parallel to the body axis. 
When the current flows transversely, only about 3 per cent passes through the 
heart. Thus, as far as the heart is concerned, fibrillation will be produced by a 
much smaller total current flowing from the upper to the lower extremities than 
between the forelegs. 

In most industrial accidents the current path is from the right hand to the 
feet and under these conditions the heart carries a greater proportion of the total 
current than when contact with the circuit is made at any other location on the 


body. 


Jones, Noble W., and Newsom, S. J.: Experimentally Produced Focal (Dental) 
Infection in Relation to Cardiac Structure. Arch. Path. 15: 392, 1932. 


In this paper the authors present the results of their study of the following 
problems: (1) the relationship between experimentally produced focal (dental 
infection and cardiac hypertrophy in dogs; (2) the relative effects of exercise on 
the hearts of such infected and noninfected dogs; (3) the reliability of the various 
means of expressing cardiac hypertrophy; and (4) other pathological changes 
cardiac and extracardiac found in the experimental animals. Dental abscesses 
were produced by introducing streptococcus material through an opening in the 
root canal of the dogs. These dental abscesses could be demonstrated in all 
inoculated dogs. The hearts showed constantly very small vegetative or verrucose 
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mitral and/or aortic endocarditic lesions, patchy parenchymatous degeneration, 
nuclear changes, increase in the diameter of the muscle cells and a slight round 
¢ell infiltration. 

Positive relationship between experimentally produced focal dental infections 
and cardiac hypertrophy as measured by diameter of muscle cells was noted. 
Direct measurement of diameters of cardiac muscle fibers under the experimental 
conditions was a more reliable criterion of cardiac hypertrophy than ratios of 
heart weight to body weight or of heart weight to body surface area. 

Stress and strain in the absence of focal infection did not affect the gross or 


the microscopic characteristics of the heart. 


Schultz, M. P., and Swift, Homer F.: Reaction of Rabbits to Streptococci: Com- 
parative Sensitizing Effect of Intracutaneous and Intravenous Inocula in Minute 
Doses. J. Exper. Med. 55: 591, 1932. 


Rabbits were rendered very hypersensitive by relatively small doses of green 
streptococci given intracutaneously and somewhat less hypersensitive by similar 
doses of heat killed vaccine prepared from hemolytic streptococci. Animals receiv- 
ing the same doses intravenously gave upon subsequent testing lesions slightly 
more marked than normal controls, but these lesions were qualitatively hard 
and nodular compared with the large edematous lesions in the cutaneously sensi- 
tized group. 

There was no parallelism between the degree of cutaneous or ophthalmic hyper- 
sensitivity and agglutinin titer in the blood serum. It is believed that bacterial 
hypersensitivity to whole streptococci appears to depend more upon previously 


induced focal infection than upon cireulating antibodies. 


McEwen, Currier: Cytologic Studies on Rheumatic Fever. 1. The Characteristic 
Cell of the Rheumatic Granuloma. J. Exper. Med. 55: 745, 1952. 


Serapings of subcutaneous nodules from 10 patients with rheumatic fever were 
examined microscopically after being stained with supravital dyes. From the 
uniform results obtained the following conclusions have been drawn: (1) Supra- 
vital staining of cells from these lesions gives information unobtainable with 
ordinary histologic methods. (2) The scrapings show a great predominance of 
certain cells almost entirely devoid of phagocytic power. All the supravitally 
stained preparations showed small masses of tissue composed of many cells lying 
in a fibrillar mesh work and of wavy fibrils such as occur in similar preparations 
of tendons or deep fascia. Only at the margins of these masses, however, could 
the cells be clearly distinguished. Lying between the bits of tissue were large 
numbers of these same cells which because of their isolated positions could be 
more accurately studied. All transitions in the type of the cells were seen, 
ranging from small cells about the size of intermediate lvmphocytes to spindle- 
shaped cells and large, multinucleated giant forms. The predominating cell was 
from 15 to 20 microns wide by 20 to 30 microns long. The small cells, however, 
were sometimes only 8x15 microns in diameter, while the multinucleated cells 
measured 32x77 microns. The shape was usually oval, but many of the cells 
had pointed processes at one end which were often at a sharp angle to the rest 
of the cell. 

The cell membrane in freshly studied preparations was very indistinct but 
more definite in those kept in the icebox for forty-eight hours. The cytoplasma 
had a coarse, ground glass appearance, and its pale yellowish gray color showed 
it to be slightly basophilic. The nucleus was oval and large, almost filling the 
small cells but occupying relatively less of the larger ones. In sharp contrast 
to the vague cell outline, the nuclear membrane was extremely distinct. The 
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nuclear background had almost the same appearance as the cytoplasm, but the 
ground glass markings were coarser and the basophilia slightly greater. The 
nucleus and cytoplasm were so similar that if it had not been for the sharply 
outlined nuclear membrane it would have been difficult to distinguish betwees 
them. One or two nucleoli were usually present. Definite mitochondria were never 
seen although in a few cells a faint suggestion of minute, pale blue dots was 
noted. A striking contrast to this was observed in the case of lymphoeytes 
present in small numbers in many of the preparations. 

The failure of the cells to take up neutral red was their most striking charae- 
teristic which distinguishes them from monocytes, epithelioid cells and clasmat- 
tocytes; hence they differ from the essential cells of tuberculosis and experimental 
syphilis. These differences are probably of a functional and developmental rather 
than of a genetic nature. (3) The cells probably arise from the undifferentiated 
mesenchymal elements of loose connective tissue, although it is possible that 
endothelial cells take part in their formation in some instances. (4) Since there 
is little doubt that the subcutaneous rheumatic nodules are pathologically identi- 
cal with rheumatic granulomata elsewhere in the body, these conclusions are con- 
sidered applicable also to the Aschoff body cells of the myocardial submiliary 


nodules. 


Hamilton, Joseph E., Lichty, Joseph S., and Pitts, William R.: Cardiovascular 
Response of Healthy Young Men to Postural Variations at Varied Tempera- 
tures. Am. J. Physiol. 100: 383, 1932. 

Tilting subjects from a horizontal to a vertical position head up, has certain 
effects upon the cardiovascular response at all temperatures. The systoli¢ pres- 
sure curve remains nearly level, while the diastolic pressure steadily approaches 
it as the vertical position is neared. The resulting pulse pressure shows a 
physiological narrowing. The pulse rate rises steadily to a maximum at 80 or 90 
degrees. When the subjects are returned to the horizontal position, the pulse 
pressure immediately widens in excess of the reading at the conmencement of 
the experiment. The pulse rate rapidly drops. 

The effects of high temperature are as follows: The systolic pressure tends 
to fall slightly at the higher temperatures, but since the diastolic pressure curve 
is lowered more than is the systolic pressure curve, the pulse pressure is wider 
than at room temperature. The pulse rate increases directly as the temperature. 
In this study there were three instances of fainting at 120° F. and one instance 
at 130° F. all occurring above the angles of 50°. 

Tilting experiments were carried out in which the subject’s ventilation was 
measured by means of a special spirometer. The results show a steady increase 
in ventilation as the subject is tilted from horizontal to vertical, a mechanism 
which by its aspirating effects helps to return the blood to the right heart in 
erect positions. 

In regard to a scoring system of cardiovascular efficiency, the authors feel 
that the data obtained in these experiments justify only a general estimate of 


any given response such as ‘‘ good “*fair,?” or ““poor,*? 


Turley, F. C., and Harrison, T. R.: Respiratory Measurements as Affected by 
Smoking and by Athletics. Am. J. M. Se. 183: 702, 1952. 


Respiratory measurements were made on a group of 75 medical students and 
on 13 football players in active training with the idea of determining whether 
persons who smoke excessively are more short winded than individuals who do 
not smoke. As a result of these measurements of ventilation, the following 
twenty cigarettes or more a day 


conclusions may be drawn. ‘‘ Heavy smoking,’’ 
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for several years, does not significantly diminish the respiratory efficiency in the 
performance of mild and moderately severe exercise. Athletic individuals are 
not much more efficient than sedentary persons in the performance of mild exer- 
tion but are considerably more eciticient in carrying out moderately severe exer- 
cise. Individuals who have once been highly trained remain extremely efficient 
in their breathing for a number of years after giving up active training provided 


they take fairly regular exercise. 


Weiss, Soma, Robb, George P., and Ellis, Laurence B.: The Systemic Effects of 
of Histamine in Man With Special Reference to the Responses of the Cardio- 
vascular System. Arch. Int. Med. 49: 360, 1952. 


A study of the systemic effects of histamine in man and a discussion of the 
physiological and pathological roéle of histamine based on these observations are 
presented. 

Following the single or continuous intravenous administration of histamine, 
the latter is converted promptly into ineffective substances in the human body. 
The persistence of the action ef histamine in man is of but a few minutes’ dura- 
tion. With uniform intravenous infusion, the bodily changes induced are prac- 
tically stationary. The minimal effective amount of histamine base in man is 
is about 0.008 mg. per minute corresponding to a concentration of about 
1:2,000,000,000 parts in the circulating blood. The maximal amount of histamine 
base, administered intravenously, that produces toxic manifestations is 0.15 mg. 
per minute. 

Relatively small amounts of histamine cause a depression of the T-waves of 
the complexes of the normal electrocardiogram. With elevation of the dosage, 
the degree of depression inereases until the T-wave may become inverted. After 
a single intravenous dose, the change in the shape of the T-wave is instantaneous 
with the arrival of histamine in the coronary circulation, and within one minute 
there is a tendency to return to the normal shape. Changes in the T-waves are 
not associated with anv symptoms or signs referable to the heart. Histamine in 
amounts up to toxie doses in observations of two hours’ duration fails as a rule 
to produce any lowering of the systolic arterial blood pressure. The diastolic 
arterial blood pressure shows a tendency to fall, but in numerous instances it 
also remains unaltered. With increasing amounts there is a progressive rise 
in the cardiac rate. The venous pressure is either unaltered or slightly elevated. 

The effect of histamine on the cutaneous blood vessels is not uniform. The 
most characteristic effect is a dilatation of the venules and small veins. This 
effect is frequently independent of the dilator effeet on the arterioles. In one 
group of subjects, even toxic doses fail to produce a dilatation of the arterioles 
as judged by the cyanotic flush and lack of elevation of the surface temperature 
of the skin. In a second group of subjects the arteriolar dilatation develops when 
a larger dose rather than one that produces a dilatation of the venules is admin- 
istered. In a third group the dilatation of the arterioles and venules occurs 
simultaneously. 

As judged from the degree of elevation of the pressure in the minute vessels 
of the skin, the arteriolar dilatation following large intravenous doses of histamine 
is slight as compared with that following the local intracutaneous application 
of histamine base in a solution of 1:3,000. The different types of observations 
presented offer conclusive evidence that the minute cerebral vessels of man 
respond to histamine with conspicuous dilatation. A certain parallelism exists 
between the sensitivity of the facial and the cerebral vessels to histamine. In 
a number of instances the cerebral vessels were even more sensitive than the 
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facial vessels, and cerebral arteriolar dilatation followed the intravenous admin- 
istration of such small amounts as 0.003 mg. of histamine base. 

The cardiac output per minute following the intravenous infusion of from 
0.02 to 0.03 mg. of histamine base per minute increases by an average of 1.5 
liters or to 20 per cent above the normal value. Simultaneously there is a slight 
fall in the stroke volume. The mean velocity of blood flow shows a slight but 
distinet increase. The basal metabolism becomes elevated and may reach values 
50 per cent above the normal. There is a slight fall in the respiratory quotient. 

A study of the chemical constituents and certain physical characteristics of 
the blood together with its hemoglobin combining power indicates that with the 
administration of histamine, transudation of small amounts of whole plasma 
occurs. This amount is too small to be demonstrated by the measurements of 
the total blood volume with the dve method. Histamine produces no demonstrable 
changes in the pulmonary ventilation or in the state of the bronchioles of normal 
persons, but has a definite bronchial constrictor effect on patients with bronchitis, 
bronchial asthma, emphysema and cardiae asthma. 

Histamine when administered orally in massive doses is ineffective; hence its 
role in intestinal intoxication is highly questionable. 

Evidence is presented that during the administration of histamine substances 
are formed or vasomotor reflexes develop which act antagonistically to histamine. 
The degree of peripheral vascular dilatation in man induced by histamine is not 
marked, and the distribution is not widespread. The vasodilator effect of hista- 
mine is promptly counteracted by an increase in the cardiac output and in other 
regulatory functions. A certain parallelism exists between the circulatory re- 
sponses that follow exercise and those that follow the injection of histamine but 
this parallelism is incomplete. The vascular and other bodily responses induced 
by histamine in man differ fundamentally from those observed in anesthetized 
sats and in patients with traumatic shock. The roéle of histamine in traumatic 
shock is therefore considered doubtful. 


Shelburne, Samuel A., Blain, Daniel, and O’Hare, James P.: The Spinal Fluid in 
Hypertension. J. Clin. Investigation 11: 489, 1932. 


A study of 50 cases of hypertensive disease showed 21 to have increased 
intracranial pressure. Papilledema and increased intracranial pressure occur more 
frequently with renal failure but are also found where renal function is normal. 
Papilledema was almost always associated with increased intracranial pressure. 

Headache is more frequent in the presence of increased intracranial pressure 
and papilledema but occurs without either one. The results indicate that lumbar 
drainage for relief of headache is not justified. Increased intracranial pressure 
seems more often associated with high diastolic blood pressure, but the authors 
feel that both are probably the result of some common factor and neither is 
caused by the other. The cause of increased intracranial pressure is not accounted 
for in 50 per cent of our cases which have neither renal insufficiency nor in- 
creased venous pressure. 


Heyl, Arthur F.: Auricular Paroxysmal Tachycardia Caused by Digitalis. Ann. 
Int. Med. 5: 858, 1932. 


The author reports the case of an adult male past middle age with hyper- 
tension and congestive heart failure in whom it was observed that digitalis which 
gave him relief from dyspnea, cough, edema and passive congestion at the same 
time induced auricular paroxysmal tachycardia followed by a two to one block 


in which the abnormal auricular mechanism prevailed. These abnormal rates 
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and rhythms occurred only as the result of digitalis administration. No other 
toxic symptoms due to digitalis ever occurred even with full calculated doses. 

Various methods, such as effort, deeply held inspirations, forced coughing and 
amyl nitrite inhalations, were utilized in an attempt to induce the attacks both 
in the presence and in the absence of digitalis administration. When no digitalis 
was being administered they were consistently unsuccessful. 

Various attempts were made to ascertain the effects of vagus stimulation. 
While he was free from digitalis, external vagus stimulation did not produce 
any change in the cardiae rate or rhythm nor any electrocardiographic¢ variations. 
Neither did digitalis alone even in full dosage slow the rate as would have been 
true had it acted directly on the vagus. 

The author points out that graphic methods are especially favorable for diag- 
nosis in patients with sinus tachycardia, particularly in those who need and 
are receiving digitalis. In this instance even mild doses repeatedly resulted in 
auricular paroxysmal tachycardia with or without a two to one block with a rapid 
ventricular rate which without electrocardiographic control might naturally have 
led to the futile use of more digitalis and increased toxicity in an effort either 
to slow the ventricular rate or to prevent the often recurring ‘‘clinieal’’ auricular 


paroxysmal tachycardia. 


Duff, G. Lyman: Medial Degeneration in the Aorta of the Rabbit Produced by 
Diphtheria Toxin. Arch. Path. 13: 543, 1932. 


Successive intravenous injections of diphtheria toxin in suitable quantities 
produce in rabbits severe medial degeneration of the aorta and its large branches 
within from eight to fourteen days. Damage to the arteries is probably the result 
of the direct toxie action of diphtheria toxin on the media. 

The changes in the media are most marked in the arch and thoracic portion 
of the aorta resulting in thinning of the arterial wall, dilatation and the forma- 
tion of aneurysmal sacs. With the establishment of calcification, transverse fis- 
sures appear on the intimal surface. The lesion commences in the middle third 
of the media primarily as a cloudy swelling, degeneration and necrosis of muscle 
fibers. Fatty changes occur in the process at least in its later stages. Elastic 
fibers, slightly later, also undergo degeneration with the loss of elasticity and 
the development of stiffness and rigidity even before the appearance of calcifica- 
tion. Calcification is first seen as a finely granular deposit in the debris of 
degenerated muscle fibers but later involves also the elastic fibers and becomes 
most prominent in them. These changes were found in young animals and are 
different from those which are observed in older animals. 

Direct application of these results to human diphtheria is rather precarious. 
One might suggest, however, the possibility of a relationship. Many investigators 
have questioned the statement that damage to the heart alone is sufficient to 
account for the circulatory collapse in rapidly fatal cases of diphtheria. <Ac- 
cordingly, damage to vasomotor centers has been invoked as a factor contributing 
to this collapse. It would seem at least possible from the present experiments 
that direct damage to peripheral arteries may also have a bearing on this 
phenomenon. 

Alstead, Stanley: The Electrocardiogram in Diphtheria. Quart. J. Med. 1: 277 


1932. 


The object of this investigation was to attempt to define the changes com- 
monly seen in the electrocardiogram in the course of diphtheria, to correlate 
them to the clinical condition and to assess the value of this form of investiga- 
tion in a fever hospital. 


692 THE AMERICAN HEART JOURNAL 


It was found that while a large proportion of cases having mild myocarditis 
are undetected by clinical methods, such cases become comparatively rare in the 
moderate and severe types of diphtheria. Hence for practical purposes the char- 
acter of the heart sounds is usually a sufficiently accurate guide to the state of 
the myocardium. 

Of the various physical signs in the heart taken to indicate myocarditis in 
diphtheria, the most valuable as confirmed by simultaneous electrocardiographic 
records are: (a) progressive softening of the first heart sound at all areas 
especially the mitral and aortic areas; (b) the character of the cardiac impulse 
at the apex and movement of the apex beat to a position farther away from 
the midline; (¢) splitting of the first mitral sound producing a triple rhythm. 

Serial electrocardiographic records show that with the onset of diphtheritie 
paralyses there is in a considerable proportion of cases a simultaneous relapse 
in the condition of the heart. This fact is much less frequently observed when 
clinical methods alone are employed. Although gross degeneration of the heart 
muscle and specialized conducting system are frequently shown by the electro 
cardiograph during diphtheria these lesions are mostly transient. Complete heart 
block is by far the commonest lesion associated with circulatory collapse ending 
fatally, but complete block is probably only a contributory factor in a condition 
characterized by widespread changes in the circulatory system. 

The severity of the cardiac lesion is usually proportional to the severity of 
the toxemia when specific treatment is commenced. There are, however, cases 
in which neither the clinical nor the electrocardiographic abnormalities are suf 
ficient to account for the state of impending circulatory collapse which is often 
seen in diphtheria. 

It is concluded that the electrocardiograph is a valuable means of estimating 
the severity of diphtheritic myocarditis and the only means of accurate diagnosis 
of conductive lesions in the majority of cases. The clinical signs which are most 
closely related to the electrocardiographic findings are those dependent on cardiac 
function. The significance of persistently abnormal heart sounds can be safely 
estimated by the electrocardiogram and the patient’s response to effort consid- 


ered together. 


Salley, S. M.: An Unusual Atropin Effect on Ventricular Tachycardia. Am. |. 

M. Se. 183: 456, 1952. 

A case of coronary thrombosis was observed showing ventricular tachycardia 
with a rapid ventricular rate. The ventricular rate was frequently slowed by 
increasing doses of quinidin to 110 or 115, but the tachycardia could not be 
abolished. Immediately following one dose of 0.002 gm. of atropin sulphate this 
abnormal mechanism disappeared uncovering complete heart block with a slow 
idioventricular rhythm. It is believed that the circus movement was broken up 


by atropin through its paralyzing effect on the vagus. 


Nathanson, M. H.: Coronary Disease in 100 Autopsied Diabetics. Am. J. M. Se. 
183: 495, 1982. 
An analysis of 100 autopsies upon diabetics shows an incidence of 41 per cent 


of severe coronary disease. Above the age of fifty years the incidence is 52.7 per 
cent as compared with 8 per cent in an even larger series of nondiabetics of 
the same age. The frequency of coronary disease is aimost as high in the female 
as the male. 

The incidence of hypertensive hypertrophy of the heart indicates that hyper- 
tension is only slightly more frequent in the diabetics than the nondiabetics. 


In diabetics with gangrene the incidence of coronary disease is higher than 
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in the uncomplicated cases. The essential cardiac lesion of diabetes is coronary 
sclerosis. Other types of cardiac disease are of relatively rare occurrence. The 


etiological relationship between diabetes and arteriosclerosis is discussed. 


Brown, Herbert H.: Tooth Extraction and Chronic Infective Endocarditis. Brit. 

M. J. 1: 796, 1932. 

The danger of extracting teeth with apical streptococcal infection is a real 
one, and the author feels convinced that the danger is increased if local anesthesia 
by infiltration of the gum is made use of. It is not feasible to estimate before- 
hand the patient’s resistance to the infecting organism and cultures often cannot 
be made until the tooth is extracted. 

It is suggested that as a precaution, especially in the case of an individual 
already suffering from valvular disease or one who may seem for other reasons 
to be liable to have a weak resistance, to extract one tooth only in the first 
instance under a general anesthesia. Under these conditions, a culture may be 
made and, if possible, the patient’s blood may be tested for bactericidal power 


against the organism. 


Brown, George E.: Erythromelalgia and Other Disturbances of the Extremities 
Accompanied by Vasodilatation and Burning. Am. J. M. Se. 183: 468, 1932. 
A series of 81 patients whose major complaint was burning in the feet or 

hands was studied to determine the relationship, if any, of the burning distress 
to the surface temperature of the affected part, the variation in surface tempera- 
ture and local symptoms in relation to posture, exercise and exposure to heat and 
cold: to determine in a small group of patients by the method of inducing fever, 
by injection of foreign proteins, the thresholds for perception of the burning 
sensation, in relation to surface temperature regions in which the burning was 
felt, and whether or not the patients could be relieved in cases in which the burn- 
ing distress of a paresthetic type was present by inducing spinal anesthesia to 
the point of total analgesia in the feet. 

The author discusses the dittculties in establishing a diagnosis of this disease. 
Four fundamental criteria which are essential are mentioned. The methods of 
study to distinguish between the different conditions in which burning extremities 
occur are outlined. The treatment of this condition remains unsatisfactory. 


Pearse, Herman E., and Morton, John J.: The Blood Pressure in the Arteries of 
the Extremities in Normal Subjects and in Patients With Peripheral Vascular 
Disease. Am. J. M. Se. 183: 485, 1932. 


The effect of altering the position of a limb on the blood pressure of the 
peripheral arteries has been studied. It was found that alteration of an extremity 
lowered the blood pressure while its depression raised the intraventricular pres- 
sure. These results correlated with the theoretical hydrostatic change of such 
a maneuver. 

In peripheral vascular lesions it is essential to know the condition of the 
main arteries as well as that of the arteriolar and subpapillary branches. The 
vasoconstrictor influence upon the latter structures is demonstrated by a skin 
temperature response to known agents. The state of the main vessels can only 
be determined by estimation of the perceptible pulse or by oscillometry. 

In the past the Pachon instrument has been the standard for oscillometric 
determinations. The Tyecos recording sphygmomanometer has the advantage of 
giving an accurate, permanent calibrated record for this purpose. The use of 
this instrument with the special cuffs devised is considered desirable not only 
to determine the condition of the vessels in disease but also to study vascular 


physiology. 


Book Reviews 


DISEASES OF THE CORONARY ARTERIES (Myocarditis). By Don C. Sutton and Harold 
Lueth. The C. V. Mosby Company, Saint Louis, 1932, pp. 164. 


This volume is evidence of the increasing interest in arteriosclerotic heart disease 
(one regrets that the authors retain the term ‘‘Chronie myoearditis’’), and while 
it does not add new facts to our knowledge it brings together, especially for the 
clinician, many recent observations. The book is generously illustrated and con- 
tains many references, quotations, and case reports; it gives evidence, however, of 
hasty preparation. The interpretation of several of the electrocardiograms is open 
to serious question and some of the quotations fail to illustrate the subject under 
discussion. The book is evidently the result of independent investigation and wide 
reading, and the bibliography alone would repay careful study. E. H. 


SEMIOLOGIA DE LA ONDA T DEL ELECTROCARDIOGRAMA Y SU INTREPRETACION CLINICA, 

By Antonio Battro. Buenos Aires, 1931, Sebastian de Amorrortu. 

This monograph of 120 pages with 66 iliustrations is concerned solely with the 
T-wave of the electrocardiogram, its form and significance in tracings from persons 
with normal hearts and in those from patients with various types of heart disease, 
There is also a discussion of the prognostic value of changes in the T-wave. It is a 
eareful and detailed study of a limited field. E. H. 


KLINISCHE ELEKTROKARDIOGRAPHIE MIT EINEM GRUNDRISS DER ARHYTHMIEN. By 
Dr. Wilhelm Dressler, assistant at the Herzstation in Vienna. With an introduc- 
tion by Prof. Dr. C. J. Rothberger. Second, revised edition, with 118 illustrations, 
3erlin and Vienna, 1932, Urban & Schwarzenberg. 


This volume was written to supply the need in the German clinies for a clinical 
book on electrocardiography. 

The introduction by Professor Rothberger emphasizes the importance of this need, 
and the fact that such books have appeared in English and American literature 
for many years and have been of great educational value to the general practitioner. 

The book follows very closely the general scheme of similar books published by 
American authors. It fulfills its purpose in that it gives the general practitioner 
an excellent idea of what the electrocardiogram is, and what information it may 
convey. 

The section on the electrocardiographic evidences of myocardial disease is unusual- 
ly good. Unfortunately the author at times gives only single leads to illustrate the 
sardiae disturbances. The time marker also is missing from many of the curves, 
and in others it is very indistinct. 

Dr. Dressler still adheres to the original description of right and left bundle- 
branch block. The recent interpretation of bundle-branch block will doubtless be 
incorporated in the next edition. 

The clinical manifestations of the various cardiac disturbances are given in 
rather sketchy fashion and there is no bibliography. 
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